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PREFACE. 


EGINNING with the present number the scope of this 
B journal has been extended, and its title amended 
accordingly. There is no branch of engineering 
into which electrical matters do not enter, and the 
engineering industry to-day has become as a whole the 
field of electrical practice. "This magazine has always given 
precedence to the industrial and commercial as distinct 
from the purely scientific side of electrical work. Practice 
and the monetary value of work and progress are the 
ruling factors, and, as such, appeal to every reader; 
whereas, and without belittling its invaluable nature, deeply 
scientific research can only be followed by the few, and 
rarely with profit. 


THE ELECTRICAL MAGAZINE AND ENGINEERING 
MONTHLY continues to give particular attention to the 
problems and progress of practical engineering: power 
generation by steam, gas, oil, hydraulic, or electric means, 
and its applications in the leading larger industries, such 
as collieries, mines, shipbuilding, iron and steel works, 
textile and timber trades, &c. ; to every phase of engineer- 
ing manufacture and workshop practice; also to the con- 
struction and erection of plants, installations, and public 
works. 


Every effort is made to keep the Magazine thoroughly 
representative of all that is the latest and best in 
engineering progress, and in the forefront of all publi- 
cations, of this character. 


June 15, 1909. 
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THE PARSONS TURBINE AND ELECTRICAL 
WORKS. 
OD 


built in the year 1884 by the Hon. 

| C. A. Parsons, at which time he wasa 
partner in the firm of Messrs. Clarke, Chap- 
man, Parsons 
х Co., of Gates- 
head-on- Tyne. 
This turbine 
developed то 
h.p., running at 
18,000 r.p. m., 
and was direct 
coupled to a 
dynamo. It is 
now in South 
Kensington 
Museum, and 
can beseenside 
by side with the 
early achieve- 
ments of other 
great engineers. 
Many  simi- 
lar turbines 
coupled to dy- 
namos were 
built at Gates- 
head, the majority of these being used 
for ship lighting, for which class of work 
they were specially suitable, principally 
on account of their small size and light 


T” first practical steam turbine was 
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RELATIVE SIZE OF PLANTS MANUFACTURED IN 1884 TO 
PREsENT Dav. 


on-Tyne. 


weight. Other machines built at Gateshead 
were used for the generation of electricity 
for lighting Elswick Shipyard, Lincoln’s Inn 
Hall, and Scotland Yard, which electric 
lighting instal- 
lations were 
amongst the 
very earliest in 
the country. It 
is interesting to 
note that many 
of these early 
machines are 
still running, 
notably those 
. Originally in- 
stalled at Scot- 
land Yard. 

In 1889 Mr. 
Parsons dis- 
solved partner- 
ship with 

| Messrs. Clarke, 
Chapman, Par- 
sons, & Co.. 
and started the 
turbine and 
electrical works at Heaton, near Newcastle- 
The Heaton Works, the subject ot 
this article, are situated at the east end of 
Newcastle-on-Tyne, close to the main north 
B 


The ELECTRICAL MAGAZINE. (Parsons Works.) 2 


line of the North-Eastern Railway Company, 
with which they are connected. They 
were, of course, primarily started for the 
exploitation of the steam turbine and 
high-speed dynamo, and not for the manu- 
facture of general plant as had been carried 
out at Gateshead-on-Tyne ; but at the same 
time electrical accessories, such as search- 
light projectors, arc lamps, switchgear, 
meters, &c., were manufactured. 

It is generally known that the steam 
turbine has been evolved in these works 
from the small machines such as were 
manufactured previously at Gateshead to the 
large units which are in use at the present 
day in our big power stations, new designs 
having to be made and fresh difficulties to 
be overcome at every step. Тһе dynamo also 
called for careful consideration in its design 
to enable it to be direct coupled to the 
steam turbine, and in its construction many 
new and original features had to be em- 
bodied, the majority of which had previously 
never been investigated. This will easily 
be appreciated when it is remembered that 
the early turbines ran ten or fifteen times 
faster than the ordinary reciprocating engine 
driven sets of the day, and, therefore, the 
stresses due to centrifugal force alone were 
of the order of from тоо to 200 times as 
great. It should be added that the steam 
consumption of these early turbines compared 
very favourably with that of the best recipro- 
cating engines of that day. 

The first marine steam turbine was con- 
structed at Heaton works, as was, in fact, 
nearly all the machinery of the now famous 
* TTurbinia," the high speed of which, namely, 
35 knots, created much excitement at the 
Naval Review at Spithead in 1897. 

As the Heaton Works are about two miles 
from the river Tyne it was thought advisable 
to erect another factory for the manufacture 
of marine steam turbines. A suitable site 
was chosen at Wallsend, and a company 
called Тһе Parsons Marine Steam Turbine 
Company, Ltd., was formed, which took over 
the whole of the marine turbine work. 

With regard to the development of Heaton 


Works, they, in the year 1888, covered an 
area of two acres, and the principal shop was 
only 170ft. long by soft. wide. It consisted 
of two bays in which were arranged various 
lathes, planing machines, «сс. апа the 
special machinery necessary for the boring 
of turbine cylinders and the manufacture of 
the blades, the latter being, perhaps, the 
most peculiar feature of the steam turbine. 
In this same shop dynamos were constructed, 
and the complete machine erected prior to 
being tested and despatched. There were 
also the necessary offices, pattern shop, 
blacksmiths! shop, testing room, &c., all 
adjoining the main building. 

'The earliest machines to be installed at 
the Newcastle and District Electric Lighting 
Company's Forth Banks Power Station were 
constructed in this shop. This company 
was formed by Mr. Parsons in conjunction 
with other local gentlemen in the year 1889 
for the supply of electrical energy for lighting 
the city of Newcastle-on-Tyne. 

The first machines constructed at Heaton 
Works were nearly all of the radial-flow type, 
but some machines of the parallel double- 
flow type—that 15, with steam entering the 
centre of the turbine, which had right and 
left hand blades—had been constructed pre- 
viously. The parallel double-flow type 
had, however, to be abandoned owing to 
temporary loss of the patent rights. Later 
on the parallel-flow type was again adopted, 
and has been rapidly improved and de- 
veloped until it is now manufactured in 
sizes up to 10,000h.p. The design is now 
of the parallel single-flow type, a balance 
of end pressure being secured by means 
of rotating steam-balanced pistons. 

The Newcastle and District Electric Light- 
ing Company's turbine-driven lighting station 
having proved most successful, similar elec- 
tric supply undertakings were started at 
Cambridge and Scarborough, Mr. Parsons 
also being concerned in their formation. 
These three pioneer companies in the adop- 
tion of steam turbines for the public supply 
of electrical energy, have, through their prac- 
tical demonstration of the advantages and 
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economies of this type of plant, been greatly 
responsible for its wonderful development. 

In the year 1892 the steam turbine was 
first tried in conjunction with a condenser, 
the size of the plant being 1ookw. The 
results obtained were so satisfactory and the 
increased economy so apparent that since 
this date probably go per cent. of the turbines 
manufactured have been of the condensing 
type. It may here be pointed out that the 
turbine particularly lends itself to working in 
conjunction with a condenser, as it can be so 
designed to utilise the steam down to the 
greatest possible vacuum. Through this 
achievement the steam turbine began to make 
itself felt as a severe competitor with the 
best reciprocating steam engine, both as 
regards steam economy and satisfactory 
working. 

It may be interesting to note that in 1888 
the total power of turbines at work was 
40ooh.p., and the largest units manufactured 
were of 120h.p. In 1895 this had increased, 
for land purposes only, to nearly до,оооһҺ.р., 
with units of 500h.p., and at the present 
day there are over 3,0оо,оооһ.р. in use, 
with units of 1o0,00oh.p. Fig. 1 shows the 
relative increase in sizeof turbines since 1884. 


Nee eee SERRA RS 
> NEEEEENM MINNIE 


E 
= 
VA 
E 
— 
к 
2 
L 


-HHN 
TSTST М 


CURVE SHOWING DECREASE IN STEAM CONSUMPTION AND INCREASE IN SIZE OF UNITS MANUFACTURED. 


Fig. 2 shows this in diagrammatic form as 
well as the decrease in steam consumption. 

The Heaton Works at present cover an 
area of eleven acres, and comprise new 
erecting and machine shops ona large scale, 
replete with the most modern and up-to-date 
machinery for the manufacture of turbines 
and generators of all sizes. Fig. 7 shows a 
plan of the Heaton Works as they exist at 
present. 

In describing the various shops, it would 
be as well to start with the pattern shop. 


Pattern Shop. 


The pattern shop is a brick building large 
enough to accommodate conveniently 100 
men, and is 145ft. long by дой. wide. In 
it can be found every example of modern 
wood-working appliances. The machinery, 
as in all the other shops, is electrically-driven. 
It is interesting to note that for the sake of 
economy in space, the countershafting is 
placed under the floor. 

The shop, a view of the interior of which 
is shown in Fig. 3, is lighted throughout by 
means of enclosed arc lamps. 

Adjoining this building there is a large 
pattern store for storing and preserving the 
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patterns of standard parts which are the 
most often in use. 


Machine Shop. | 


The principal shop is a steel-framed struc- 
ture erected by Sir William Arrol & Co., of 
Glasgow, with small brick walls for the lower 
portion of its sides and gables, the upper 
portion being covered with wood and galvan- 
ized iron. It is wholly lighted by means of 
a glazed roof. 

The building is 4ooft. long, and is com- 
prised of two bays each 4oft. wide. One bay 
is devoted exclusively to machine work, and 
the other to fitting, erecting and assembling 
the various parts. Each bay is served by two 
electric travelling cranes, one of ten tons and 
the other of twenty tons capacity, manufac- 
tured by Joseph Adamson & Co., of Hyde, 
and also by numerous radial pillar jib cranes. 
Each of the electric travelling cranes is 
operated by three motors, which are con- 
trolled from the floor. They have a clear 
lift of 25ft. from floor level. At first sight, 
the lifting power of these cranes may seem 


4 


small for a modern shop, but it must be 
borne in mind that the very heaviest parts 
of the largest turbine plants seldom exceed 
20 tons in weight, and in such cases where 
this weight is exceeded the two cranes in 
each bay are used together. 

The floor of the whole shop is composed 
of wooden blocks laid on solid concrete, and 
this method has proved extremely service- 
able. The heating throughout is by means 
of exhaust steam. 

Some of the larger machine-tools in the 
machine bay are driven by individual motors, 
notable examples being large planing 
machines which are operated by Vickers, 
Sons, & Maxim’s electric controlling gear 
with reversing motors. The smaller machines 
are driven by two lines of overhead shafting, 
each operated by а 5oh.p. Crompton motor 
driving in the middle of each shaft. 

Perhaps a brief reference to some of the 
machine-tools in this bay may be of interest 
as giving an idea of the nature and extent of 
the operations. 

The larger of the planing machines men- 
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tioned above is by J. Buckton & Co., of 
Leeds, and will accommodate work 8ft. 8in. 
between the standards, and takes a cut 24ft. 
long. Тһе other planing machine, which 
stands next to this is by Hulse & Co., of 
Manchester. It accommodates work 6ft. 6in. 
wide and has a travel of the table of 2eft. 
Both these machines are fitted with three 
tool-holders, which take cuts when the table 
is travelling in either direction. ‘There is 
also a large horizontal wall planing machine 
by Hulse & Co. which is chiefly used for 
planing bed plate faces, magnet and stator 
ends, &c. On the opposite side of the same 
bay is a milling machine of the planer type 
by Kendall & Gent, of Manchester, which is 
principally used for milling out claw couplings 
and similar intricate parts, and is also found 
very useful for keyseating in large spindles, 
&c. It will take parts 4ft. square between 
the standards, and the table has a travel of 


View ОР PRINCIPAL MACHINE Bay. 


8ft. 6in. Close by this machine is a vertical 
lathe by Richards & Co., of Broadheath, which 
will take work 6ft. in diameter and has two 
tool-holders on the cross side. 

Turning to the large lathes, the largest of 
these is a treble geared Jathe by W. Muir 
& Co., of Manchester, having 4ft. centres 
and a bed 35ft. long and three self-acting 
slide rests. It is provided with an extensive 
series of pulleys in order that it can be run 
over a very wide speed range. Its principal 
work is turning, grooving, and facing up the 
parts of large shafts, as well as the tipping of 
the ends of the blades so as to make them all 
of the same length radially. To turn off the 
ends of these blades (projecting as they do 
from the shaft in some cases over 121M.) re- 
quires some very careful work and high 
speed of running, only the very lightest of 
cuts being permissible. In certain cases in 
which the turbine shafts are bladed with steel 
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blades the tips are ground off by means of a 
high-speed electrically driven emery wheel 
mounted on the slide rest. "There is also a 
similar lathe standing close by which is 
generally used for turning very large armature 
work and cast-steel rotors for revolving field 
alternators, and for the grooving of large 
commutators, &c. There is a heavy screw- 
cutting lathe by Hulse «с Co. with 24in. cen- 
tres and 3oft. bed. Another machine worthy 
of note is a large turret lathe by Alfred Her- 
bert, of Coventry, which is used for heavy 
boring work ; it has an inclined turret which 
takes six tools. 

Perhaps the most interesting machine 
tools are two large boring mills, the larger of 
which is capable of boring turbine cylinders 
up to ro,oookw. capacity. These mills 
were specially designed апа built for 
Messrs. Parsons, the larger by Butler & 
Co. of Halifax, and the smaller by 
Dickinson & Co., of Keighley. They are 
both of the horizontal type with traversing 
bars and heads, and have also rising and 
falling tables which are fitted with cross-slides 
to enable the work to be accurately set. 
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Their special work, as before mentioned, is 
the boring out of the insides of the turbine 
cylinders. The cutting of the grooves for 
the reception of the cylinder blades is also 
done by these machines, a special boring bar 
and apparatus being used which automatically 
feeds the grooving tool radially outwards, 
until sufficient depth of groove has been cut, 
this being indicated by an automatic gear on 
the end of the boring bar. 

Another machine worth mentioning is a 
large chuck lathe made by Lang & Со, 
of Glasgow, which is used exclusively for 
machining the special discs to be used for 
building up certain of the turbine shafts, 
further mention of which will be made later. 
This lathe is arranged with a special head 
stock so as to enable a uniform cutting speed 
to be automatically maintained on any 
diameter of work. There are numerous 
other large lathes, shaping machines, milling 
machines, boring mills, &c., but as these are 
of the ordinary type they do not require 
special mention here. 

A large marking-off table 24ft. long by 
Ioft. wide, and constructed in three parts, 
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is also situated in the machine bay. A 
large power press by Taylor & Challen, 
of Birmingham, is found extremely useful 
for making the brass and steel stampings 
required principally in the construction of 
dynamos. 

Fig. 4 shows a general view of a portion 
of the machine shop. 

At the west end of the shop is situated a 
large store for the reception of the small 
standard parts which are made in the various 
other departments of the works. These 
parts after having been inspected and tested 
by the gauging department are all arranged 
and classified for the various lines of 
machines for which they are intended. 
Above this store are arranged the various 
offices of the Works Managers’ Department, 
from which a clear view of the whole of the 


operations carried on in the two main bays 
can be obtained. 

A railway siding communicating with both 
ends of the shop gives every facility for 
the receiving and rapid despatching of work. 


Erecting Shop. 


The fitting and erecting bay has every 
modern convenience for the rapid assembling 
and erection of the various parts after they 
leave the machine shop. А compressed.air 
main runs the whole length of the building 
and serves the usual type of pneumatic 
labour-saving tools. Numerous electrically 
operated portable drilling and milling 
machines are also seen in operation. 

On the occasion of the writer's visit there 
were altogether about thirty-five plants in 
course of erection, ranging from 15okw. 
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to soookw. in output, among which may 
be mentioned two of soookw., two of 
4oookw., one of 15ookw., one of 12ookw., 
and seven of :roookw. ‘There were also 
eleven plants of the “mixed pressure” 
type, which type has been developed to 
utilise the previously wasted energy of 
exhaust steam available principally in iron- 
works and colleries. 

As the “mixed pressure " turbine forms a 
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new departure in turbine engineering the 
following description will no doubt be 
interesting. 

The turbine is contained in a single steam 
cylinder, which is divided into two portions, 
the smaller end being bladed to efficiently 
expand steam at boiler pressure down to a 
pressure slightly below atmosphere, and the 
larger end to expand the exhaust steam from 
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to that of the condenser. Separate inlet ports 
are provided for the admission of high- 
pressure and exhaust.pressure steam, and 
each inlet communicates with an indepen- 
dent steam chest containing regulator and 
runaway valves. Тһе turbine is provided 
with two centrifugal governors, one of which 
operates by means of a positive trip gear 
the two runaway valves ; the other, through 
the medium of two steam relays, operates 
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the rcgulator valves of the two sources of 
steam supply. The speed governor is so 
arranged as to give preference to the 
utilisation of exhaust steam whenever it is 
available; but when the load on the 
generator is greater than can be supplied by 
the exhaust steam, or when no exhaust 
steam is available at all, the governor 
automatically admits the necessary quantity 
of high-pressure steam to keep the plant in 
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operation. Тһе high-pressure portion of 
the turbine is also provided with a bye-pass 
valve, which enables the high-pressure steam 
to be admitted to a lower-pressure stage of 
the turbine in order that heavy overloads 
may be dealt with. 

This form of turbine combines the 
advantages of an exhaust steam turbine with 
those of a high-pressure condensing turbine, 
and when tested under all conditions has 
been found to give extremely good results. 

Fig. 5 15 a view of a 5oookw. machine in 
course of erection in the fitting shop, while 
Fig. 6 shows the portion of the shop allocated 
to the blowing engine department, in which 
can be seen several large turbo-driven 
blowing engines of about 150ooh.p. each. 

An interesting process to be seen here 1s 
the building up of those turbine and blowing 
engine shafts which are required to run at 
somewhat higher speeds than usual. "These 
spindles consist of a central solid shaft of 
high-quality spindle steel, on to which are 
forced, by means of a hydraulic press, a 
number of steel discs, each carrying as a rule 
one rowof blades. The discs are of low carbon 
steel possessing an exceedingly high elastic 
limit. They vary in thickness from rin. to 
3in. and are turned to a special section to 
enable the stresses due to centrifugal force 
to be evenly distributed. Each disc before 
being pressed into position on the shaft is 
carefully balanced and run up in a testing 
machine to 5o per cent. above its maximum 
working speed. The hydraulic press above 
referred to is by Henry Berry & Co. of 
Leeds, and is capable of exerting a maximum 
pressure of 3oo tons. It has two rams each 
roin. in diameter with a travel of about 12in. 
The hydraulic pumps are operated from the 
main countershaft. An ingenious apparatus 
similar to an ordinary steam engine indicator 
is attached to the press and records a 
pressure diagram of every disc as it is pressed 
into place. 

Another interesting operation is the shrink- 
ing together of the various parts which go to 
build up large turbine drums of the standard 
type. А deep pit is provided for this opera- 


tion into which the drum portion is lowered 
endways, and is here heated to a pre- 
determined temperature by means of gas 
rings. When the right temperatures have 
been obtained, the various parts are placed 
accurately in position and the whole allowed 
to cool. It will be easily understood that 
the parts which are put together by the 
above methods are machined with extreme 
accuracy. | 

The blading department, in which the 
finished blades are assembled and secured 
into their respective spindles and cylinders 
Is situated at one end of the erecting shop. 
At this point, perhaps, it would be interest- 
ing to describe the various methods adopted 
for securing the blades, in all of which the 
full strength of the blade is maintained 
unimpaired right into the root fixings. The 
majority of readers are no doubt aware that 
this question has lately been the subject 
of much controversy, and it may be interest- 
ing to note that Messrs. Parsons have 
standardised three distinct methods of fixing, 
each of which has its own special features. 
Firstly, we may take the most generally 
adopted system, namely that in which 
the blades and caulking pieces or “ sections," 
as they are called, are fitted. separately and 
individually into their grooves. In this 
method a complete groove is filled up with 
blades and sections, and the latter then 
firmly caulked by hand with specially-shaped 
caulking tools. The ends of the blades 
which fit between the sections are serrated, 
as also are the sides of the grooves, thus 
ensuring the utmost security against their 
coming loose ; indeed, they are so firmly 
fixed that it is impossible to pull them out 
by mechanical means, the blade itself in- 
variably breaking first. 

‘The principal feature of the second method 
is that the sections, instead of being separate 
individual pieces, are made out of a long, 
continuous root strip somewhat resembling 
a comb, with teeth curved in such a manner 
that they suit the shapes and angles of the 
blades. After the blades are fixed into this 
strip it is bent to the radius of the spindle 
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or cylinder, and caulked home in a similar 
manner to that described above. 

In the third method blades and sections 
are used as in the method first described, 
the difference being that the roots of the 
blades and the sections themselves are 
pierced with a small hole and alternately 
threaded on to a wire and driven up tight in 
a former, curved to the right radius for the 
part of the cylinder or spindle into which 
they have to fit. These segments are after- 
wards caulked up tight in the turbine grooves 
in the usual manner. 

In all cases the blades are “ laced,” that 
is, the tips are provided with notches into 
which a strip of brass wire is inserted and 
brazed. Тһе tips of all blades are thinned 
away to a fine edge so as to entirely do away 
with the risk of any damage being done 
should the blades by accident come in con- 
tact with the walls of the cylinder or spindle. 


Test House. 


We will now turn our attention to the 
testing department, where every plant manu- 


factured is subjected to thorough tests as 
nearly as possible in accordance with the 
conditions under which it is intended to 
work. ‘To enable this to be done there is a 
large boiler plant, condensing plant, cooling 
pond, and water resistance tanks, the latter 
for producing the artificial load necessary in 
testing the electrical generators. These 
appliances are extremely interesting, and it 
is proposed to describe each separately. 

The test house itself is a large brick 
building, 2ooft. long by soft. wide, and 38ft. 
from floor to eaves. "There are two electric 
travelling cranes, one by Joseph Adamson 
& Co. and the other by Spencer Bros., each 
running the full length of the building, and 
capable of raising a maximum load of 
20 tons. They are each controlled from a 
cage attached to the crane. The floor is 
of solid concrete slightly sloped to a gully at 
one side in order to dispose of the water that 
may be discharged from plants. As will be 
seen from some of the photographs, the 
steam pipe range is provided with innumer- 
able branches and valves so that plants can 
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be practically connected up to any part of 
it. On the floor level, immediately under 
the steam range, and running the whole 
length of the building, is the exhaust steam 
main, which is 3ft. in diameter. It also has 
branches at intervals of every few feet for 
connecting to machines. The exhaust main 
leads to two large surface condensing plants, 
which will be described later. Fig. 8 shows 
a soookw. machine running on load in the 
test house. 

In one corner of the test house are three 
turbo-generators, two of rsokw. and опе of 
200kw. capacity. ‘These plants were origin- 
ally used for supplying both electric power 
and lighting throughout the works, but as 
the demand gradually outgrew their capacity, 
it was decided to take all the current from 
the Newcastle-upon-Tyne Electric Supply 
Company, Ltd. As the system of supply in 
the works had been for only 110 volts 
continuous current, the Supply Company 
found it necessary to put down a special 
sub-station inside the works yard for con- 
verting their high-tension 6000-volt three- 
phase alternating current supply to 110 volts 
continuous current. This was deemed 
necessary as the Supply Company's con- 
tinuous current system is for 480 volts, 
and converting from the high-tension mains 
was the easiest solution for such a low- 
pressure supply. Under this arrangement 
the above turbo-generators are now only 
used in cases of emergency or when a heavy 
overload occurs. 

Boilers. 

The boiler plant 1s of a very representative 
type, and comprises the following :— 

2 marine boilers each capable of steam- 
ing 50001. per hour at r5olb. 
Lancashire boiler capable of steaming 
6ooolb. per hour at 17olb. 

1 Dabcock & Wilcox boiler capable of 
steaming ro,ooolb. per hour at 35olb. 

1 Stirling. boiler capable of steaming 
15,000lb. per hour at 35olb. 

I Woodeson boiler (by Clarke, Chap- 
man, & Co.) capable of steaming 

15,000lb. per hour at 3501}. 


кай 


All the boilers are hand fired except the 
Woodeson, which has an electrically driven 
chain grate stoker with hand-fed hoppers. 

There are three chimneys, one built of 
brick and two of steel, the former being 
Soft. high and 6ft. in diameter, and the two 
latter each 8oft. high and 8ft. in diameter. 
The two steel chimneys are fitted. with the 
Sturtevant system of induced draught, the 
fans, oft. diameter, being steam engine 
driven. These chimneys and the end of the 
boiler house can be seen in Fig. 9. A 
separately fired Babcock & Wilcox super- 
heater can supply superheated steam when 
required at the rate of about 22,000lb. per 
hour at roodeg. Fahr superheat. It will be 
seen from the above that about 56,ooolb. of 
steam per hour can be raised for testing 
purposes, which is sufficient to run on full 
load a machine of about 37 5okw. capacity, a 
testing service which very few, if any, other 
engineering firms can accomplish. 


Condensing Plant. 


The plant used for condensing the exhaust 
steam from the turbines on test consists 
of two complete units of the surface type, 
having a combined cooling surface of 4500 
square feet. The circulating pumps are of 
the centrifugal type, and the air pumps of the 
Parsons’ patent vertical single-acting com- 
pound type. In one case they are operated 
clectrically, while in the other case a steam 
engine is used. It is hardly necessary to 
say that both condensers are fitted with the 
Parsons' patent vacuum augmentor, which 
ingenious apparatus enables a vacuum of 
within half an inch of the barometer to be 
easily maintained. А vacuum of this high 
order may be new to some readers, so, 
perhaps, a brief description of the vacuum 
augmentor will be of interest. 

The augmentor itself consists of a small 
nozzle discharging high-pressure steam into 
a contracted pipe connecting the main con- 
denser to the air pumps. The steam, issuing 
at a high velocity from the nozzle, carries 
along with it by its ejector action the non- 
condensable air and vapour (residue of the 
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condensed steam) from the main condenser 
and delivers it through a small auxiliary 
condenser to the air pumps. ‘The condensed 
steam leaves the main condenser by a separate 
pipe, which is water sealed and flows by gravity 
directly to the air pump. Fig. 10 shows the 
diagrammatic arrangement of the vacuum 
augmentor coupled to a surface condenser. 
It will be seen that the augmentor is sim- 
plicity itself, having absolutely no moving 
parts. Its assistance in increasing the 
vacuum ordinarily obtainzble is so valuable 
that in many cases of turbines of the 
high-pressure condensing type it enables 
the steam consumption to be reduced by as 
much as то per cent, and considerably 
more when the turbines are of the exhaust 
steam type. 

The air pump delivery from each con- 
densing set is arranged to discharge into two 
large calibrated measuring tanks. By this 
means the steam consumption of the various 
turbines under test can be measured with 


extreme accuracy. The water, after passing 
through the tanks, runs by gravity to the hot- 
well. It is an interesting fact that, owing to 
the clean nature of the exhaust steam from ° 
turbines, the hot-well water is used in the 
chemical and experimental laboratories as 
distilled water. 


Testing of Generators. 


With regard to the manner in which the 
machines are tested, the usual procedure 
after the erection of the plant is for the 
turbine spindle to be run up to its maxi- 
mum speed—that is, 20 per cent. above 
normal—in order to test the mechanical 
strength and also to ensure the perfect 
balance of the parts. The dynamo rotor 
is then coupled up, and is similarly tested. 
This having been completed, the open cir- 
cuit curves of the dynamo are taken, and 
the machine is afterwards put on full load. 
A full load test is then carried out, which 
includes taking the temperature readings 
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of the dynamo and the steam consumption 
of the turbine. The turbine during this 
trial is also subjected to a maximum tempera- 
ture test—that is, the cylinder is heated to 
a temperature considerably higher than the 
actual working temperature. 

This full load run completed, the over- 
load capacities of the plant are tested up 
to the specification, and both the governing 
and voltage regulation are also recorded. In 
the case of alternators it is of course 
necessary to test them thoroughly with the 
same power factor as that of the system 
on which they are intended to run. To 
enable this to be done choking coils are 
inserted in the circuits, and by regulating 
the number of turns of cable in the coils 
any desired power factor can be obtained. 
After these trials have been completed the 
whole plant is opened up for inspection, 
and, if found satisfactory, it 1s then ready 
for the official trial. 

In the above tests the output of the 
plant is measured by either a Kelvin balance 
or a Kelvin astatic wattmeter, which instru- 
ments are calibrated and kept in order by 
the makers, who make frequent inspections 
of the same. These balances, &c., enable 
plant up to 12,000 volts pressure or 4000 
amp. output to be thoroughly tested. The 
artificial load necessary in testing a generator 
is obtained by means of iron plates or wires 
submerged in water. Two arrangements 
are provided, one suitable for low-voltage 
machines. and the other for high-tension 
work. The former consists of a concrete 
tank into which the above-mentioned plates 
are suspended. A constant supply of water 
flows through, the level of which can be 
varied in order to adjust the load on the 
machine. This tank can be seen in 
Fig. 9. For high-tension work a similar 
contrivance is used, but for the sake of 
safety it is placed in the centre of the 
cooling pond. 

This reference to the testing of plant 
would be incomplete without mention of 
the **Oscillograph," a complete installation 
of which instrument is in constant use. It 


is of the Duddell type, made by the Cam- 
bridge Scientific Instrument Company, Ltd. 
By the use of this apparatus photographs 
of the voltage and current curves of the 
machines are taken under all conditions, 
and by a study of the results obtained 
important modifications of design can be 
carried out. Interesting investigations on 
the behaviour of continuous current plant 
are also made. Іп addition to the ordinary 
dry-plate camera attached to the instrument, 
the apparatus also includes a cinematograph 
camera. By the use of this, very important 
and interesting results are obtained, such 
as the effect of switching on and off of 
feeders on load, &c. | 

In certain cases the contract may be of 
such a nature that the turbine has to be 
tested with its own condensing plant. This 
was the case, for instance, of a large 3oooh.p. 
turbo-blowing engine recently built for the 
Hanyang Iron and Steel Company, of 
China. Fig. її shows this engine as 
erected in the test house. The condensing 
plant was arranged on the floor, over which 
the turbine and blower were erected on a 
steel girder framework. The complete instal- 
lation was thus run for several days under 
absolutely working conditions. 

Cooling Pond. 

The cooling pond, the position of which 
can be seen on.referring to the plan of the 
works shown in Fig. 7, and a photograph 
of which is shown in Fig. 12, has a cooling 
surface of 32,000 square feet and a capacity 
of 700,000 gallons. Over a portion of this 
pond is erected a spray cooling installation 
by Messrs. Harrison & Gjers, of Middles- 
brough. The installation was designed to 
cool 75,000 gallons of water an hour from 
85deg. to 75deg. Fahr., but in practice is 
found to give much superior results. "This 
type of cooler was adopted as it was the 
only one on the market which would work 
with a head on the nozzles of only sft., for 
by working with this low head it was not 
necessary to instal extra pumping plant. It 
has the further advantage of being the 
cheapest and at the same time the most 
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durable cooling apparatus obtainable, and 
the jets do not easily get out of order. 


Blade Shop. 


There has recently been inaugurated at 
Heaton Works a department for the manu- 
facture of the special material used for the 
making of the turbine blades, the process of 
the fixing of which has been described 
previously. Great care is taken in every 
process to ensure the blades being of 
uniformly high quality, and everything is 
subjected to the most rigorous inspection. 

The blading material, or “strip” as it is 
termed, leaves this shop in lengths of той. 
or 12ft., and is transported to the blade- 
cutting department, in which are a number of 


automatic machines, many of which are 
worked by compressed air, for cutting the 
strip into various lengths, and also for 
serrating, grooving, and tipping the material 
to make the finished blade. It will be 
readily understood that the various forms 
and sections now used have been the out- 
come of many years of careful experiment, 
and it is by no means exaggeration to say 
that hundreds of different forms have been 
tried until the present high state of stan- 
dardisation has been arrived at. 

From the above it must not be assumed 
that experimenting in this direction has 
ceased, as new samples are constantly being 
made for trial purposes. It need hardly be 
mentioned that in order to obtain the most 


The ELECTRICAL MAGAZINE. (Parsons Works.) 17 


satisfactory results it is necessary that the 
blades should be most carefully made to 
gauge sizes, and to ensure accuracy in this 
direction an elaborate set of gauges is used, 
through which the material is tried before 
being sent to the cutting shop. 

Tool Room. 

The tool room is also of modern organisa- 
tion. The shop itself is fitted out with 
every modern convenience for the accurate 
manufacture of gauges, jigs, and small tools. 
There is a gas-fired furnace used for the 
hardening of small milling cutters, worm- 
wheel hobbs, and similar appliances. 

Electrical Shop. 

The electrical shop contains plant and 
apparatus of the most up-to-date description. 
All the machine work is done in the same 
lathes as the turbine work, and the parts are 
then sent to the electrical shop for assembly. 
Every separate part of the revolving portions 
is carefully balanced independently of the 
remainder, so that when the armature or 
rotor is finished, in many cases the smallest 
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possible amount of balancing is necessary, 
and often the revolving parts are run right 
up to full speed without requiring any 
additional balancing. 

The shop is equipped with a complete 
plant for punching laminated discs for both 
continuous current and alternating current 
machinery. The plates are all papered on 
one side in a special machine, and every plate 
is carefully scrubbed to remove the rags 
caused by punching and shearing. The 
shop is also equipped with two vertical and 
three horizontal winding machines ; the 
latter are principally used for forming the 
compensating windings which are fitted to all 
the firm's continuous current plants. These 
compensating windings are a special feature 
of the continuous current generating sets, 
and have now been in use for some six years. 
By means of this winding it is possible to 
secure exceptionally good commutation 
without any need for shifting the brushes, 
and loads can be carried for short periods up 
to 5o per cent. above the normal rating of 
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the dynamo. A special feature of this 
winding is that the brushes do not need 
extremely accurate setting on the commu- 
tator, since they can be rocked backwards 
and forwards a considerable distance without 
causing sparking. 

Another piece of apparatus which may 
be seen in the electrical shop, and which has 
aroused considerable interest recently, is the 
arrangement of leakage paths and coils, by 
means of which the alternators are com- 
pounded for constant voltage at all loads. 
This arrangement is fitted to the exciter 
and consists of a magnetic leakage path 
bridging the exciter poles and carrying a 
winding through which the main current from 
the alternator passes. The effect of this is 
to cause an increase in the exciter voltage 
when the load comes on to the alternator, 
thus compensating for the armature reaction 
and giving a constant voltage at the ter- 
minals. ‘The apparatus can also be adjusted 
to give a rise in voltage with increase of load 
in exactly the same way as is common prac- 
tice on continuous current plants working 
on heavy power loads. 

А separate building is provided for 
preparing the insulation and impregnating 
coils and taping, and a large heater stands 
outside the armature shop which will 
accommodate the stators of the largest 
revolving field alternators. Іп the test 
house will be found two smaller vacuum 
heaters, in which smaller parts can be 
rapidly dried. 

Balancing House. 

This shop is constructed entirely of ferro- 
concrete and is equipped with special plant 
and gear to enable any sized turbine shaft or 
armature to be run up to its maximum speed 
and balanced. The part to be balanced is 
placed in two adjustable bearings of rather 
novel construction, which are lubricated with 
oil under pressure. A suitable sized pulley 
is fixed to the shaft, and it is rotated by belt 
from a 1ooh.p. motor running at any speed 
between 5oor.p.m. and 8oor.p.m. 

There is, of course, a great difference in 
the amount of balancing which is required 


to be done, some shafts running right up to 
top speed without any adjustment, whilst 
others require small weights or balancing 
pieces before they are finally passed as 
being satisfactory. 

Mirror Department. 

The mirror department consists of five 
buildings of corrugated iron, each 76ft. by 
30ft., provided with weaving-shed roofs, 
giving an exceedingly good north light. In 
these buildings the well-known Parsons 
searchlight reflectors are manufactured. This 
manufacture was started about twenty-one 
years ago for the purpose of providing search- 
light reflectors for use on the Suez Canal, 
and these first ones were made with one axis 
a parabola, and the other a hyperbola, so as 
to give a flat beam. Afterwards parabola 
mirrors for ordinary searchlights were manu- 
factured, and gradually the greater part of 
the supply to the British Government passed 
into the hands of Messrs. Parsons, the 
Mangin and the Schuckert mirrors, which 
were made on the Continent, being displaced. 
The standard mirrors used аге 36in. and 
24in. diameter, but the whole place has been 
laid out so that reflectors of 6ft. can be 
manufactured, and some of sft. 2in. have 
actually been already supplied to the British 
Government. А speciality is the parabola 
ellipse mirror, of which large numbers have 
been manufactured, and in which the beam 
from the mirror 1s concentrated on a narrow 
slit and then diverges out beyond ; thus the 
projector can be placed behind a narrow 
loophole, which only offers a small target for 
shot, and yet the whole of the light illumin- 
ates objects beyond. Besides supplying to 
the British Government, large numbers of 
mirrors have also been supplied to foreign 
Governments and private firms. 


Nearly all the various shops are inter- 
connected by railways, which are electrified 
by the overhead trolley system. Ап electric 
locomotive by the Brush Company is used 
for haulage purposes, and an electric travel- 
ling jib crane for lifting purposes. 
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I.—For Lighting Service. 


(Continued.) 


HE higher the c.p. required the more 
apparent does the superiority of elec- 
tricity become. Following are a few 

notes on high c.p. sources of illumination, 
then a table (Table II.) of running costs is 
compiled, just as was Table I. in last 
month's article, and conclusions are drawn 
from the data so obtained. 


High C.P. .$ources. 


The general advantages of electricity over 
gas in this application are the same as 
detailed in the earlier part of this article, but 
the far greater degree to which economy is 
now effected by electricity is obvious from 
the subjoined estimates. 

As a general point of significance in this 
connection it may be noted that public 
houses—notoriously, and perhaps unfortu- 
nately, the best illuminated class of buildings 
—almost invariably employ flame arcs. 

The objection urged against the early 
flame arcs—the frequent retrimming neces- 
sary—has now been entirely removed. In 
some cases the difficulty is overcome by the 
use of magazine carbon holders, but a more 
satisfactory and economical method (the 
waste in carbon stumps being less) is to 
employ very long carbons. With ‘‘down- 
ward feed” as now universally adopted, the 
length of carbon is no disadvantage. 

Like all electrically operated apparatus, 
arc lamps are capable of central control 
without the expense of clockwork, by-passes, 
&c., which have recently been introduced 
into street gaslamp working. (То the 
writer's certain knowledge it is no uncommon 
thing for several gas lamps in one street to 
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burn all day and become extinguisbed, by 
the officious clockwork switch, just as dusk 
falls !) 

In the case of arc lamps there can be no 
question as to their robustness and suitability 
for rough usage, but the gas mantle has a very 
curtailed life when exposed to the weather 
in streets, railway yards, &c. The life of 
200 hours assumed for these mantles is an 
extremely liberal estimate for such services. 

Arc lamps can be easily and safely lowered 
to the ground for trimming and cleaning, 
but such a convenience is impossible with 
gas lamps. Largely owing to this possibility 
arcs can be hung on much higher standards 
than gas lamps and a much more even and 
pleasing distribution of light is so obtained. 
(It is a well-known axiom in illuminating 
engineering that as little irec? light as pos- 
sible should enter the eye from the illuminat- 
ing source.) 

The excellent fog-penetrating powers of 
flame arcs (particularly the “ Excello" type) 
is no mean advantage in such cities as 
London, Glasgow, &c. The rich colour of 
the “flame” arc and the excellent general 
illumination obtained, without the projection 
of sharp shadows and consequent eye fatigue, 
besides loss of value of the light, have made 
Its advance extraordinarily rapid. 

Some of the special uses of arc lamps to 
which gas is quite inapplicable may be 
mentioned, viz. :— 

I. Projectors and searchlights, particu- 
larly of the naval and military 
types. 

2. Copying and portraiture where an 
especially uniform illumination is 
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required by light of high actinic 
value. (Such light— blue— may be 
obtained from an arc by running 
it at a high voltage, say 160 volts, 
though for the three-colour process 
8o volts is sufficient. 

High c.p. gas sources depend essentially 
for their efficiency either (1) on the enriching 
of the coal gas used, or (2) on the use of 
some ‘‘patent” gas, or (3) on the use of 
“ high-pressure ” gas. ‘The use of specially 
treated (chemically) or manufactured gas 1s 
at once severely handicapped by the 
standing, running and maintenance charges 
of the special plant required. Even with 
such auxiliary plant the efficiencies obtained 
(rarely over 3oc.p. per c.ft. per hour) are 
not nearly so high as is later shown to be 
necessary if gas is to compete successfully 
with flame arcs. 

The use of “high-pressure” gas is open 
to precisely the same objections. Special 
mains are also required. ‘The leakage from 
an ordinary gas system (pressure — about 
Jin. to 2in. of water) has been recorded at 
5 per cent. of the total consumption. It 
is not pleasant, therefore, to contemplate 
the precautions necessary to avoid disastrous 
leakages from a system in which, in some 
instances, the pressure rises to 54in. of 
water (above atmospheric pressure). 


The life of mantles on high-pressure 
systems is much curtailed: apart from 
mechanical injury the optical efficiency 


very rapidly falls. 

The Keith gas system, with its auxiliary 
plant, is only equal to a flame arc using 
energy at 11d. per B.O.T. unit, even assum- 
ing the makers figures for the gas.light 
(2230 candles for 1d. per hour) As this 
figure assumes constant mantle c.p., and 
a life far in excess of that actually obtain- 
able, the comparison is not nearly so 
favourable to the gas system (apart from 
the capital and upkeep charges of the 
auxiliaries of the latter). 

“Self-intensitying ” mantles depending 
practically on chimney draught have the 
disadvantages of rapid clogging of burners 


with dust, reduced mantle life, and increased 
blackening of surrounding ceilings, &c. 
Relative Running Costs of 

High C.P. Units: - 

‘The cost of installation of gas and elec- 
tric sources of high c.p. have been already 
dealt with, hence the costs reckoned in 
Table II. are, on the one hand, cost of 
current + carbon consumption, and, on 
the other, cost of gas + mantle renewals. 

The various conditions of comparison are 
as below. ‘The lower rates now assumed 
рег B.O.T. unit are perfectly justifiable, 
practically every supply company offering 
energy at charges not in excess of 254. 
per unit to consumers such as would use 
arc lamps (shops, theatres, &c.). In many 
cases the rate is already reduced to 154. 
per unit, and in quite a number of supply 
areas power consumers are allowed current 
for lighting, at power rates up to 10 per cent. 
of their maximum power demand. 

Data relating to miniature arcs are not 
given. Few illuminating engineers recom- 
mend their use, the ordinary incandescent- 
filament lamp being available up to several 
hundred c.p. beyond which limit the full- 
size arc lamp is applicable. Even the 
miniature arcs, however, compare favourably 
with gas, and their actual cost per roooc.p.- 
hours can be evaluated precisely as indicated 
in the table. 


Conditions of Comparison :— 


Gas at 25. gd. per тооос.К. 
Electricity at 23d, rid. and id. per 
B. T.U. in turn. 

Gas-mantles — life 200 hours, тооос.р. 
mantles, cost of replacement 1s. 3d. per 
breakage. Efficiency, 2ос.р. per cubic foot 
and 3oc.p. per cubic foot in turn (the 
lower efficiency is the more nearly correct 
as a mean) The carbon consumptions 
assumed for the various arc lamps are ob- 
tained from much practical experience, and 
the efficiencies are the mean results of 
authoritative tests. 

Taking the flame arc as the most efficient 
electrical illuminant, the efficiency of gas 
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(The maximum c.p. of the flame arcs varies from 5000 to 7000с.р. in most cases ) 


ain the higher efficiency much more frequent mantle renewals would be essential. 


case, and hence need not be tabulated here. 


ір. arcs have been adhered to as far as possible in this article. 


1 the m.h.c.p. 


(The c.p. of an arc isconstant always.) 
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falls by as much as 50 per cent. after a few hours’ burning at most. 


| This иеш would Le higher in this case, since to even approximately re 


* These carbon costs are the mean results of much actual working 
t The economy in labour resulting froin enclosure is similar to that 
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mantles to equal this arc, with gas at 2s. 9d. 
per roooc.ft. and mantle life = 200 hours, 
would have to be as follows :— 


Electricity per B. T.U. 2.5d. 1.5d. 0.75d. 
Total cost per 1600c. p.-hours 7294. 4704. 2754. 
Mantle renewals .. | 75% 75 75 
Total gas cost .. .. ..' 654 395 200 
Cubic feet per hour "| 19.80 11.95 6.06 
Requisite c.p. per c.ft. per hr., 50.5 840 165.0 


* With the h. p. gas necessary for this efficiency the mantle 
renewals would be heavier. 


In connection with these results two 
points may be noted:—(1) Ап efficiency 
of even goc.p. per cubic foot per hour is 
only obtainable, with gas, by the use of 
special auxiliary apparatus largely detracting 
from the economy otherwise obtained. This 
efficiency then only lasts during a few hours 
of the mantle's life. The efficiencies 84c.p. 
and 165c.p. per cubic foot are impossible. 
(2) As already mentioned, the greater pro- 
portion of the arcs in use are supplied at 
from 1ld. to 2d. per unit, while the rate is 
as low as 3d. in quite a number of instances. 

From ‘Table II. it is clear that the 
economy in carbon and labour costs of the 
enclosed arc is dearly bought, since the 
efficiency is halved (chiefly owing to absorp- 
поп by the two enclosing globes). In 
special positions, however, where long burn- 
ing hours are required, its use is advisable. 

The numerous obvious deductions from 
Table II. need not be pointed out at length. 
The general conclusion is that electric arcs | 
are more than twice as efficient as incandes- 
cent gas, with electricity at 244. per B. T.U. 
With lower rates the economy is propor- 
tionately increased. 

As proving that the figures of Table II. 
are not biased, but rather insufficiently 
favourable to the electric arcs, may be quoted 
the appended results given by an author at 
the Institution of Electrical Engineers as 
actual working costs, excluding carbons. (The 
latter charge varies with the type of carbon 
burnt : this is a matter for individual choice, 
though, for high efficiency, the carbons 
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recommended by the makers should be 
employed. The carbon charges in Table II. 
are based on the assumption that the correct 
carbons are burnt.) 


Cost per rooo 


Type of Lamp. Watts, c.p.-hours 
| (m.sph. c.p.) 
Oriflamme .. .. .. .. 350 o.40d. 
Weinert Wu. ЫМ. > ted 350 0.55d. 
Ехсейбы «4.9 Ge. x 470 o 57d. 
Santoni.. зу. ec 52 wa 420 | 0.70d. 
Carbone 1000 1.00d. 
Open Arc 2c: we vues 4S 500 | I.50d. 
Enclosed Ағ... .. 500 | 2.004. 
Enclosed Midget Arc... 250 3.00d. 


In concluding this section one more actual 
example of the economy of flame arcs may 
be cited :— 

In the street lighting of the city of 
Melbourne, a certain gas company first 
installed 34 lamps having an aggregate c.p. 
of 85ooc.p, which was later extended to 
42 lamps, totalling 12,400c.p. 

The lamps installed were— 


7 Lucas lamps, each іооос.р. = 7ооос.р. 


2 » » » 400 , = 800 ,, 
13 » » » 200 „ = 2600 ” 
20 » » » 100 , = 2000 ,, 
42 lamps ...  ... Totalling 12,400 ,, 


The cost of operation of these lamps over 
a period of 5 years (running nightly from 
sunset to 12 midnight — 2186 hours per 
year) averaged 7,291 per year. 

This corresponds to 2.59d. per тооос.р.- 
hours, a figure which shows that the estimate 
of 1.725d. per 10ooc.p.-hours is certainly not 
exaggerated (for gas and mantles alone in 
Table II.) аме arcs being installed and 
the yearly cost being the same, the light 
obtained was more than three times as great, 
the units being :— 


I3 arcs of 3oooc.p. each = 
Or 22 p 


45,000 
2000 ,, — 44,000 
(the municipality being allowed the choice 
between these two sets of lamps). 


Convenience and Risks. 

The most elementary and perhaps the 
most appealing convenience of electricity 
to the domestic user is the ease with which 
the light is switched on. No matches and 
fumbling in the dark are required. 

Recently an approximation to this con- 
venience has been made in gas lighting bv 
the use of the ordinary **bye-pass," familiar 
to everyone by reason of its pleasant habit 
of becoming extinguished by draughts and 
remaining so till the accident becomes 
pungently evident. "These bye-passes may 
be pneumatically operated by an imitation 
electric switch. The valve is worked, just 
as the old pneumatic bells were operated, 
by pressing a “ button” on to a flexible ball 
connected to the bye-pass valve through 
lead piping. Anyone who ever used pneu- 
matic bells will appreciate the possibilities 
of failures so introduced. However, the 
pneumatic pushes are a convenience, though 
to state that they are more convenient than 
the electric switch is obviously absurd. 

A remarkable statement made in the 
catalogue of a firm of gas manufacturers 
whom one would have thought rather better 
informed, is that these pneumatic pushes 
“сап be operated from the door, but wrthout 
batteries, coils, or any of the drawbacks in- 
cidental to electricity.” 

The writer has yet to discover the tumbler 
switch needing “ batteries and coils ” for its 
operation: the closing of such a switch 
should be quite spectacular in its effects! 

Passing on to the other points of com- 
parison—gas companies admit that water 
meters are liable to freeze, so becoming 
inoperative and cutting off the supply, while - 
dry meters are inaccurate in their registra- 
tion. Such defects are apparent in no 
electric meters: the latter can readily be 
calibrated when in position and thereafter 
vary very little in their accuracy. 

Incandescent burners require. continual 
cleaning, especially at the gauze distributors 
in the base of the burner. This ts more 
particularly so in the high-pressure gas 
systems, and is very trouble ome in works 
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where the atmosphere is always laden with 
dust particles. 

The “ rise-and-fall " chandeliers апа pen- 
dants, now so commonly used in living 
rooms, are far safer when electricity is used 
than when gas is employed. In the latter 
case the renewal of the water seal is a 
continual source of trouble. The water 
therein smells very fcetid, and should the 
seal become low and the fitting. then. be 
lowered, there is grave risk of instantaneous 
explosion. 

When electric light first came into general 
use insurance companies regarded it as a 
source of added fire risk, and accordingly 
increased the premiums in cases where it 
was employed. ‘“ Fused electric cable” was 
for a long while, and even now is occasionally, 
the favourite way of accounting for fires whose 
origin was quite inexplicable. Іп most 
cases there were not the slightest grounds for 
the imputations laid on the electrical in- 
stallation. Fortunately, companies now 
recognise that electricity is certainly no 
more dangerous than gas; the higher pre- 
mium has been abolished in every case, and 
in some cases gas is penalised instead. 
Undoubtedly the fire risk with gas is far 
more serious than with electric supply. 

The risk from electric shock is absolutely 
nominal. The writer has never met with 
a case in which shocks could be obtained 
off the system at all, and cannot remember 
a case in which a shock, from the normal 
house voltage, has proved fatal. Certainly 
the toll is many times less than that claimed 
by gas explosions. 

Table * standard" lights are becoming 
very popular now, and the immense supe- 
riority of electricity їп this application is 
at once obvious. Gas mantles are entirely 
unsuited to the continual lifting to which 
these lamps are subject, and, moreover, the 
excessive heat emitted from an incandescent 
gas mantle makes it very unsuitable for use 
on a small table standard and makes such 
decorative shades as are possible with elec- 
tric light quite impossible. 

Lighting schemes can be arranged in any 


desired manner with electric light, but with 
gas there are always the risks inseparable 
from naked flames and intense heat. If 
an electric lamp be broken the incandescent 
filament is at once * burnt out” апа extin- 
guished ; if a gas globe be broken the fire 
risk becomes infinitely greater. With gas 
mantles there is always the danger of their 
fracture, and subsequent falling against the 
globe, cracking the latter and firing the shade 
(which in decorative work is usually very 
inflammable in nature). Artistic illumination, 
so largely practised in modern interiors, can 
be executed with electric light in a manner 
unapproachable with gas. 

When using electric glow lamps, shades 
of any artistic design, or of any shape 
required for efficient illumination in the 
desired manner, can be fitted without the 
least risk of damage to the shade by heat. 
For this reason reflectors are very much 
more varied and efficient in design for 
electric than for gas lighting. 

The possibility of using filaments and 
globes of any desired shape exposes another 
use of electric light of even more special 
nature, viz., the illumination of operating 
tables, of billiard tables, &c., where, by 
using frosted tubular lights, a remarkably even 
illumination can be obtained with none of 
the disadvantages of gas. 

The persistence with which gas designers 
imitate electric light accessories seems to indi- 
cate a slight acknowledgment, on their part, 
of the superiority of electricity in this respect. 
Many lamps which the public take for 
electric arcs are really high-pressure gas 
mantles enclosed in globes designed to imi- 
tate those of electric arcs. The mistake 
does not always produce an impression 
which one would wish to be associated with 
electric arc lighting. 

Health. 

This 15 а most important phase of the 
comparison and one which is too frequently 
left entirely out of consideration by the 
consumer. The products of the combustion 
of 1c.ft. of coal gas supplied in London and 
passed by the Metropolitan Board of Gas 
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referees include :— 102. water and o.57c.ft. 
carbon dioxide (CO,), besides which 11 
grammes of sulphur dioxide (the oxide of 
sulphuric acid) are liberated per 1ooc.ft. of 
gas bumt. The carbon dioxide in normal 
air is 0.03 per cent., while 0.08 per cent. is 
unpleasant and even unhealthy (this corre- 
sponding to the condition of the air in a 
theatre at the end of a play). Hence the 
danger of the CO, evolved by gas con- 
sumption can be realised. 

To keep the atmosphere of a gas-lit room 
reasonably pure not less than 6oc.ft. of 
air should be supplied per burner (2oc.p.) 
per hour. With the advent of incandescent 
gas lighting the quality of gas has been 
allowed to decrease. 
twenty years the c.p. per cubic foot has fallen 
from more than 20 to about 17c.p. per cubic 
foot per hour. This is chiefly due to the 
admission of poiscnous impurities, chiefly 
sulphur compounds, hence the injurious 
products of combustion are rapidly becom- 
ing even more dangerous than above (the 
above results being based on an analysis taken 
before the recent relaxations were allowed). 

Within the last few years, since the 
abolition of the restrictions on sulphur 
contents of coal gas, the amount of sulphur 
per rooc.ft. has risen from 15grs. to nearly 
gogrs. in many cases. The resulting effect 
on health is obvious. 

An interesting figure, given in a certain 
gas company's annual report, and it is by 
no means exceptional, is that fle gas илас- 
counted for, after leaving the works = more 
than 5 per cent. of the total, 4.6.) of the 
millions of cubic feet of gas yearly generated 
in towns 5 per cent. leaks out into the open, 
and into houses, unburnt—not a particularly 
wholesome state of affairs as regards public 
health. To say that this deficit is accounted 
for by errors in meter readings is hardly 
plausible, for not only are meters usually too 
high in their records, but also the deficit has 
been consistently about 5 per cent. for the 
past twenty years, a state of things which no 
company would allow to exist by reason of 
faulty meters alone. 


Thus within the last. 


The deleterious effect of electric glow 
lamps on health is, of course, absolutely nil, 
there being no combustion of material. In 
the case of arc lamps the rooms illuminated 
are always of such size as to make the effect 
of any fumes very slight. Flame arcs 
admittedly do produce a fume of irritating 
nature, but these lamps are inherently most 
needed out of doors on account of their 
immense c.p. (5000 mean hemispherical c.p. 
is a common size of lamp). Іп cases where 
they are used indoors several simple and 
effective ventilating services have been 
brought out to remove all fumes. 

The ordinary arc, burning unimpregnated 
carbons, evolves a purely nominal amount of 
CO, as its sole product of combustion, 
This amount is very small, its effect on the 
composition of the air in the room being 
quite incapable of detection. In enclosed 
arcs, owing to the exclusion of air and con- 
sequent diminution of combustion, the CO, 
produced is still less, and amounts to only a 
few cubic inches per striking of the arc, 
for once the globe is filled with CO, further 
combustion is practically nil till the arc has 
been extinguished and the globe refilled with 
air by diffusion of the CO, a very slow 
operation, and one which normally only 
occurs once a day. 

No one can possibly urge with the least | 
degree of conviction that gas is at all com- 
parable with electricity from the health 
standpoint. 


Indirect Costs. 


There are many indirect charges affecting 
the comparison between electricity and gas, 
and on examining these one by one it will be 
found that they a// contribute to the greater 
gross economy of electricity, so that ulti- 
mately the superiority of electricity, for 
domestic as well as for high c.p. use, be- 
comes incontrovertible. The advantage is 
not very decisive, for low c.p. units, when 
current and lamp renewal charges alone 
are considered, but on the basis of 7о7а/ 
cost electricity is far the cheaper. 

It is to be remembered that in a few 
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years, with the B.T.U. at 1d., the economy 
of electrical energy will be indisputable ай 
every point, not merely as a whole, as is 
the case in some of the instances here 
cited. 

The average consumer, asked as to the 
chief indirect economy of electricity, would 
undoubtedly reply, “Тһе less cost of re- 
decorating ceilings, &c.” This economy 
is so great and so obvious that little need 
be said regarding it. This point will not 
appeal much to the wealthy, who are con- 
tinually having their rooms re-decorated ; 
but the main class concerned in the con- 
sumption of electrical energy and in the 
possibilities of economy by its use is the 
" middle" class, whose struggles to “ make 
both ends meet" are proverbial, and to 
whom the extension of the period during 
which a ceiling or wall remains presentable 
from one year to three or more is a very 
important economy. 

There can be no doubt that the life 
of clothing, furniture, carpets, &c., 15 
correspondingly prolonzed by the absence 
of fumes where electric light is employed. 
This point is important when comparing 
electricity with gas for heating services. 
The deleterious effects of fumes from gas 
fires on delicate materials in the drawing- 
room, as well as on the more robust uphol- 
stery of the dwelling-room, is established as 
a point in favour of electric radiators. 

It has been shown under the health 
section that the economy resulting from 
improved hygienic conditions is not so 
fanciful as gas engineers would have us 
believe. 


SEND 
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The net economies that can be effected 
by using electricity for other purposes than 
lighting—in fact, by organising a complete 
domestic electrical scheme—is a subject 
which the author hopes to deal with in a 
further series of articles. 

In some towns where special rates are 
charged for very special conditions of 
supply, such as the limited hours maximum 
demand system, &c., a special fee of ss. 
per year (never more) is charged for making 
the measurements necessary for the calcula- 
tion of the reduced charges. The payment 
of such a fee is at once recouped by the 
greatly decreased gross bill. 

In this article the object has been to bring 
together data regarding a number of uses of 
electricity and gas. The comparison has 
been made as fair as possible and results 
of actual experience have been utilised 
rather than the imaginary claims of makers. 
With regard to the cost figures given, these 
are believed to be accurate to date. It is 
extremely difficult to obtain definite nett 
quotations from firms, but the estimates 
given are based on replies sent by large 
makers on special request: hence if either 
party—gas or electrical engineers— feels 
aggrieved, it has only its manufacturing repre- 
sentatives to thank. 

The general conclusion to be drawn from 
the above data and investigations is that 
electricity 15 far superior to gas in all lighting 
applications provided that the high-pressure 
mantles, which alone have revived the cause 
of gas illumination, are compared with the 
latest metallic-filament lamps or flame arcs 
according to the c.p. of the units compared. 


THE ELECTRIC DRIVING OF PRINTING 
PRESSES. 


OD 


HERE can only be one answer to the 
question—How is it that electric 
driving in printing works has made 

such rapid strides of recent years? And 
that is because it pays. 

In no instance are the all-round benefits 
to be derived from electric driving so evident 
as in printing works. The particular advan- 
tages attending the use of electric motors for 
the driving of printing presses are as follows : 
Increase in output; superior quality of the 
work turned out ; economy effected in power 
by having each press individually driven ; 
cleanliness. 

The chief difficulty experienced with older 


methods of drive was to obtain the neces- 
sary variation of speed according to the work 
on hand, and when once the speed had been 
attained tokeep it uniform and free from any 
sudden alteration such as tends to take place 
when a second machine driven off the same 
countershaft started from rest. Any sudden 
variation in speed is almost sure to cause 
the print to be out of register and slur- 
ring to take place. The speed range re- 
quired on a press may be anything from 
5 up to 200 revolutions of the cylinder 
per minute. This applies more especi- 
ally to rotary presses, and it will be seen 
that to get this with coned pulleys or any 


FIG. 1. 


FURNIVAL TWO-REVOLUTION PRESS ELECTRICALLY-DRIVEN FROM A MOTOR BY MEANS OF A BELT RUNNING 


ON THE Fast AND Loose PULLEYS OF THE MACHINE. 
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Fic. 2. LETTERPRESS MACHINE DRIVEN BY BELT, USING FAST PULLEY ONLY. THE MACHINE IN THIS 
ARRANGEMENT IS STARTED AND STOPPED BY THE ELECTRIC SWITCH. 
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Fic. 3. LITHO PRESS DRIVEN BY MEANS OF А SHORT FLEXIBLE BELT AND Jockey PULLEY. THE POSITION 
OF THE JOCKEY PULLEY IS ADJUSTABLE, AND IS KEPT AGAINST THE BELT By SPRING TENSION. 
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mere mechanical device is 
impossible. 

It has become almost universal practice 
to install a separate motor to each press, 
although the total b.h.p. so installed is 
higher than if the presses were grouped to- 
gether and driven by one motor through 
countershafting. The latter method is only 
to be recommended in the case of a set of 
machines all of which would be required 
at one time. However, this is very seldom 
the case with printing presses, as it more 
frequently happens that some are making 
ready whilst others are running, not to 
mention continual stoppages for supplies 
of fresh paper, slight alterations to formes, 
«c. Besides, however careful the super- 
vision may be it is frequently necessary 
to run one press alone on a rush job; it is 
at such times that 5o per cent. of the power 
given out by the motor is wasted in driving 
a long line of shafting and belting. 


practically 


GROUP OF PLATENS DRIVEN BY MOTOR WITH ADJUSTABLE JOCKEY PULLEYS. 


For these reasons, amongst others, it is 
now the usual practice to fit each press with 
its own motor, which may be either shunt 
or compound wound, as large starting torque 
and a wide range of speeds is essential. 

It will therefore be seen that the main 
cause of the success of the electric drive is 
its adaptability as regards speed require- 
ments. This is chiefly governed by the elec- 
tric motor-controlling gear, which will be 
considered later. "The mechanical methods 
of transmitting the power from the motor 
shaft to the press may be either by belt, 
chain, or spur gear. 


Driving by Belt. 


The belt drive is the most commonly used 
of the three methods, especially in small 
plants where prime costs have necessarily to 
be kept low. In these cases it is usual to fix 
fast and loose pulleys on the presses, so that 
the “inching,” Ze, the small movements 
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D.P. SwITCHES AND 


REGULATORS ARE ALSO SHOWN UNDER THE TABLES. 
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FiG. 5. 
FITTED WITH JOCKEY PULLEY. 


required of the press bed in dressing the 
form or cylinder, is done by means of 
a mechanical striker, the motor having 
been started up in the usual way to 
drive the loose pulley on the press or a 
line of shafting (Fig. 1). This arrange- 
ment has the advantage that the wear and 
tear on the controlling apparatus is a mini- 


DIAGRAM 


OF 


CHAIN LEAVING OR ENTERING THE WHEEL 


\ 
“> IT WILL BE NOTICED THAT THERE 15 NO SLIDING MOTION 
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Fic. 6. 


LINOTYPE MACHINE DRIVEN BY ELECTRIC MOTOR 


mum, but on the other hand power is 
being continually frittered away in run- 
ning the motor when it is not actually 
required for power. With a separate 
motor for each press the alternative plan 
of belt drive is to do away with the 
loose pulley and drive direct on to the 
fast pulley (Fig. 2). This of course 
means that the motor will have to be 
started and stopped every time it is re- 
quired to move the machine, with the 
consequent wear and tear of controlling 
apparatus. 

The usual position for the motor 1s 
under the feedboard, when possible, as 
in this position it is well out of the way 
and gives a good length of belt, which 
is more satisfactory than a short drive. 
However, in some cases exceedingly 
short drives are unavoidable. This is 
often the case with linotype machines. 
It is then common practice to fit a 
jockey pulley to give the belt more con- 
tact surface on the driving pulley and 
so avoid slip. The examples shown in 
Figs. 3, 4, and 5 are by Electromotors, 
Ltd., and illustrate typical short 
belt drives. It will be seen that the 
tension on the belt is controlled by an 
adjustable spring. Needless to say, where 
this type of jockey pulley is employed, the 
belt must be very pliable and lap-jointed, or 
preferably an endless belt fitted. These 
latter, by the way, are to be highly recom- 
mended for electrical driving, especially for 
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high-speed motors having small 
pulleys, as when butt-ended joints 
are used much needless jarring, 
which causes vibration of the 
brushes, with consequent pitting of 
commutator, takes place when the 
belt joint passes over the pulley. 


Chain Drive. 


This form of drive gives a more 
even turning movement than 
toothed gearing, in that it is not abso- 
lutely rigid ; it is also particularly 
useful when the shafts are too far 
apart to be reached readily by spur 
wheels. То be efficient much de- 
pends on the correct meshing of the 
chain and sprocket ; the correct dis- 
tribution of the load over the num- 
ber of teeth ; also the links entering 
and leaving the wheel teeth without 
sliding action. Тһе illustration 
(Fig. 6) shows a form of chain 
manufactured by Messrs. Hans Renold & Co. 
The speed of chain gear should not be above 
1250ft. per minute unless special precautions 
are taken to see that the lubrication of the 
links issufficient. Occasionallyitwill be found 
that jockey pulleys are advisable; in such 
cases they should be made of hard wood or 
fibre and applied to the back of the chain. 
If made of metal they tend to deform and 
burr the links and so cause the chain to run 
stiffly. 

It will be found that the chain drive is 
very frequently used in printing works, 
especially with heavy flat bed presses such as 
the Percelers. 

Chains can be run fairly slack, so that the 
power which is used to obtain the necessary 
tension on the belt to prevent slipping on 
the pulley is saved, besides which the wear 
on the bearings is considerably lessened. 
The only objection which is raised against 
chain drive is that the element of safety 
obtained by the slip on the pulley in the 
belt drive, should the load be excessive, is 
non-existent. This need not be so, for a 
safety device can be introduced into the 


Еб. 7. 


PERFECTING MACHINE DRIVEN THROUGH GEARING 
(GEAR CASE REMOVED). 


chain by making either one or more of the 
bolts in the chain of softer metal than the 
others, so that they will shear with sudden 
excessive overloads. In the case of electric 
drive additional safety 1s secured by the 
fuse, which is of such capacity that it blows 
on excessive loads. 


Gear Wheel Driting. 


This is the form of drive most frequently 
employed for large rotary printing presses, in 
cases when the' distance between shafts is 
small (see Figs. 7, 8, and 9). When rawhide 
pinions are used the noise 1s considerably 
reduced and smooth running obtained. In 
the motor direct-driven press great care 
must be exercised to get the teeth properly 
in mesh or trouble will be experienced by 
jarring of the teeth being transmitted to the 
press. 

Having thus briefly considered the various 
methods employed for transmitting the 
power from the motor to the press, a few of 
the best-known methods of electric control, 
with special reference to their application to 
newspaper presses, will now be considered. 
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Fic. 8, DouBLE-DEMY DAWSON DRIVEN THROUGH GEARING BY MOTOR ON SPECIAL BRACKET. 
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Fic. 9. GEAR. DRIVEN QUAD-DEMY PERFECTOR. 


The ELECTRICAL MAGAZINE. (Printing Press Driving.) 


The Electric Control. 

For flat-bed presses, such as quad- 
crown and quad-demy perfecters and 
Bremners, it is common practice to con- 
trol the motors merely by the ordinary 
no-volt and overload release open-type 
regulator, fitted with a powerful magnetic 
blow-out to overcome the sparking caused 
by the frequent starting and stopping of 
the press whilst inching. This can only 
be recommended in cases where the 
initial cost of installation must be kept 
as low as possible. As a general rule, it 
will be found to be far more efficient to 
install solenoid starters working in con- 
junction with armature and field regulating 
resistances to obtain the necessary varia- 
tion of speed (see Fig. 10). The extra 
initial cost of these automatic switches 
should be amply repaid by the advantage 
gained of being able to control the press 
from various positions by means of push 
buttons in the solenoid circuits; the 
diminution of controller repair should 
also be taken into consideration. The 
auxiliary resistances are frequently en- 
closed in a cast-iron box, which 
is locked so that the running speed 
cannot be increased or reduced unless by 
special sanction of the overseer, who holds 
the key, thus avoiding any job being spoilt 
by being rushed through at an excessive 
speed, or on the other hand unnecessarily 
prolonged. 

Power Subdistribution Board. 

Fig. 11 is an illustration of a type of sub- 
distribution fuseboard, together with a uni- 
versal ammeter. The connections are such 
that, on inserting the plug shown below the 
instrument in the correct hole, the ammeter 
is placed in parallel with the fuse on one 
side of the circuit. On withdrawing this par- 
ticular fuse itis possible to note the amperage 
taken by the press under test. The arrange- 
ment is now much used, and is far preferable 
to fitting an ammeter on every press, which 
is not only expensive to instal, but adds to 
the parts of the electric system likely to get 
out of order Xc. In the case of large rotary 


Fic. то. AUTOMATIC SOLENOID STARTER WITH D.P. SwiTCH 
AND FiELD REGULATOR. 


presses it is advisable to have amineters on 
every press, as by so doing a hot bearing or 
other trouble can be detected before serious 
trouble arises. 

Turning now to the control of rotary 
newspaper presses, it is at once noticed that 
these entail much closer consideration, as the 
power of the motors is greater and much 
economy can be effected by employing a 
system of control in which the electrical 
losses are reduced to a minimum. 

In order to start a rotary press from rest 
it frequently occurs that the torque required 
will be as much as three times the normal ; 
the large torque is of course only momentary, 
for as soon as the press is got into motion 
the torque becomes normal. The problem 
then is to impart a dead slow movement to 
the press, which can be gradually increased 
to full speed without any sudden increments 
in speed, which would tend to break the 
paper web or strip the gear wheels on the 
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Fic. 11. POWER SUBDISTRIBUTION FUSEBOARD AND AMMETER. 


press. Not only is it essential that the 
increase in speed should be gradual, but the 
electrical efficiency of running the press at 
any speed—from inching, which may be about 
„oth of the maximum speed, to maximum— 


must be very high, otherwise the loss 
entailed by running at low speed for bad 
paper or other reasons may be prohibi- 
tive. Amongst the most successful elec- 
tric control svstems at present in use are 
to be mentioned the Holmes-Clatworthy, 
Witton- James, Kohler, and the Igranic. 


The Holmes-Clatworthy Set. 


The general arrangement of this set 
is well shown in Fig. 12. It comprises 
а main motor direct geared to the press 
shaft. On the same bedplate with this 
motor is mounted a small auxiliary 
motor connected to the main motor 
and shaft through worm gearing and an 
automatic, solenoid operated, jaw clutch. 
The small motor is used to provide the 
power for all slow movements of the 
press, for "plating" and “leading in” ; 
and this auxiliary motor is usually a 
series-wound machine of about one-tenth 
the power of the main motor, which 
is shunt wound. The controller shaft 
is commonly operated by hand, but in 
some of the larger sets hand power is 
replaced by a small push-button circuit 
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operating a motor geared on to the con- 
troller shaft, thus permitting the controller 
to be under entire control from any part 
of the press. 

Figs. 13 and 14 show the construction of 
the controller, the action of which is as 
follows: On closing the main switch and 
turning the controller handle the two upper 
switches are closed by means of pawls fixed 
to the travelling crosshead ; these switches are 
held in against the action of a spring by 
magnetism and at the same time the clutch 
solenoid on the small motor is energized 
and the small motor runs up to speed. 
When a certain speed has been reached the 
main motor switch, z.e., the lowest one shown 
in Fig. 13, is closed, and the auxiliary motor 
single-pole switch opened, thus releasing the 
clutch and allowing the large motor to take 
up the load. Its speed is then gradually 
increased by cutting resistance out of the 
armature circuit and also inserting resistance 
into the field circuit ттеп extra high speeds 
are required. 


The Witton-James System. 


It is claimed that this system is very 
economical on both low and high speeds, 
due in the former to a purely electrical drive 
without the use of worm-gearing or automatic 
clutches, and in the latter to a wide shunt 
field speed regulation on the main motor. 
The set consists of a main motor direct- 
geared to the press shaft; also an auxiliary 
motor direct-coupled to a low-voltage gene- 
rator, forming a booster set. The method 
of operation is as follows :—The main switch, 
which is in series with a circuit-breaker, 
ammeter, and master controller, is closed,and 
the master-controller thus operated so that 
the booster set supplies current to the main 
motor at a low voltage, and a plating and 
sheeting speed variation is obtained from, 
say, 6r.p.m. to 18r.p.m. of the cylinder ; this 
is effected by means of shunt field control of 
the generator only. On further operation of 
the master-controller, the speed is increased 
from sheeting to normal by cutting resistance 
out of the main motor armature circuit. 
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Fic. 13. HorMEs-CLATWORTHY HAND CONTROLLER. 


From normal to maximum the increase in 
speed is effected by main-motor shunt field 
control. 'This may vary from 160 to 200 
cylinder revolutions, according to the quality 
ofpaperinuse. ‘These various combinations 
of drive are obtained (a) by the operation of 
push-buttons, which are mounted in multiple 
around the press; (4) by means of a hand 
wheel on the master-controller. 

(a) To work the press, having closed the 
main switch, it is only necessary to press any 
speed-up button to obtain a minimum 
speed, which, by use of the release-button, 
may be an inch or a continuous speed as 
desired. То accelerate gradually, the speed- 
up button has to be kept depressed until the 
desired speed is reached. To reduce the 
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is impossible. То bring the press to 
rest the “release” button has to be 
depressed, when the whole can only be 
restarted at a lowest speed. When it is 
necessary to prevent the press being 
turned at all, it is only necessary to press 
any safety button, and until this has 
been released, all other buttons are out 
of action. 

(^) When the controller hand-wheel 
is used, all movements of the press are 
governed by the action of turning the 
hand-wheel, as in the ordinary tramway 
controller. 

In the case of two-ended presses it is 
quite simple to put the two sets in 
parallel for control purposes by use of 
paralleling switches, which put all circuits 

of the two sets in parallel, and enable con- 
trol from any push-button box as one set. 
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Igranic System. 


The controller in the case of the Igranic 
system of rotary printing press control more 
closely resembles the ordinary regulator in 
appearance, the set having only one main 
motor, and the control is effected by one 
rotary handle (illustration Fig. 15). The 
stopping is effected by operating the small 
switches shown. 

The lowest speeds down to 10 per cent. of 
normal are obtained by means of an arma- 
ture diverter resistance, z.e., by inserting a 
resistance in parallel with the armature. 
Speeds from 75 per cent. to 25 per cent. 
below normal are obtained by a plain series- 
regulating resistance ; from 25 per cent. be- 
low normal to normal by means of a series 
field diverter resistance ; from normal to top 
speed, £e, two or three times normal, by 
means of shunt regulating steps. Ав will be 
seen from the illustration these various con- 
nections are made and broken by means of 
solenoid switches fitted with powerful blow- 
out magnets and carbon breaks. 


Fic. 14. MoroR-pRIvEN HoLMES-CLATWORTHY 


CONTROLLER, The Kohler System. 


speed, the “ speed-down ” button is operated This is one of the most recent methods 
in the same way. Over or under speeding which have been put on the market, and 
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seems to be meeting with great success, 
there being over 500 sets running in 
America. 

The motor drive consists of a main motor 
coupled direct to the press shaft, and an 
auxiliary motor driving on to this shaft 
through a worm gear and free wheel. The 
method of control is entirely automatic, and 
is operated by push-button stations, which 
can be placed anywhere on the press. 
The press is set in dead slow motion 
by pressing a small push button marked 
“run.” By so doing a small solenoid at the 
back of the control board is energized and 
trips a ratchet pawl, allowing the plunger 
of a large solenoid to gradually descend by 
gravity, the action being retarded by means of 
a dashpot. As the plunger descends it cuts 
resistance out of the small motor circuit, 
which consequently speeds up the press. If 
this motion is allowed to continue till the 
motor is running at top speed, the large 
motor takes up the load and the small motor 
drops out of action. The plunger descends 
still further and cuts out the large motor ar- 
mature resistance till normal running speed 
is obtained. If speeds above this are required 
the shunt field is weakened by inserting a 
resistance in the usual way. 

If it is desired to prevent.the acceleration 
of the press above a definite speed, a “ safe ”’ 
button is pushed in when that speed is 
attained, and it is then impossible to acceler- 
ate further, but the press can be slowed 
down or stopped entirely from any of the 
push-button stations. 

If for any reason it is necessary to stop 
the press quickly in case of a broken paper 
web or for any such accident, a button 
marked ‘ off" must be pushed. When the 
motor current is opened the main switch 
solenoids insert a brake resistance in the 
armature circuit, thus stopping the press 
in a few seconds. Whenever the press is 
stopped the controller returns automatically 
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Fic. 15. THE IGRANIC CONTROLLER. 


to the starting position. The overload and 
no-volt release contacts and solenoids are 
also mounted on the main control board. 

When it is necessary to parallel the motors 
on two presses arranged end to end in 
order to run the presses and work together, 
as iS sometimes convenient when an extra 
large issue is required, it is quite simply 
done by operating paralleling switches which 
put all resistances in parallel, likewise all 
push-buttons. 
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ELECTRICAL MEASURING AND TESTING 
INSTRUMENTS. 


OD 


instruments" immediately brings to 

mind ammeters апа voltmeters. 
However, a closer study of this highly 
specialised branch of the electrical engin- 
eering industry reveals the great diversity of 
indicating, measuring and recording devices 
required in present-day electrical practice. 
It is not intended in this article to deal with 
these instruments in even a general sense— 
space would not allow—but to describe 
briefly the newest developments which have 
been quite recently introduced by the 
leading British manufacturers. 

The specialities of Messrs. Kelvin & 
James White, Ltd., are well known to every 
electrical engineer. Following the exacting 
requirements of modern practice, this firm 
has recently introduced many improvements 
into the various instruments of their manu- 
facture. 

Lord kelvin's S.R. amperemeters and 
voltmeters for direct-current are of the dead- 
beat moving-coil type. The principle upon 
which their action depends was first used by 
Kelvin in the Siphon Recorder telegraph 
instrument, hence the name S.R. (siphon 
recorder) type. The workmanship and 
accuracy are of the same high-class nature 
that has always been the distinguishing 
feature of Kelvin's instruments. 

Particular attention may be drawn to the 
fact that all shunts are adjusted to give the 
same volt drop at full load; this ensures 
that all shunts and instruments are inter- 
changeable. 

One improvement consists of making the 
case absolutely air-tight. This is effected by 
inserting a rubber packing in a groove in the 
base of the instrument. The instrument 
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is also now provided with an external zero- 
adjusting device constructed in such a way 
that no damage can be done to the instru- 
ment by overshooting the maximum and 
minimum positions for the zeros. Further, 
the design of the instrument is now modi- 
fied so that the movement is extremely 
accessible when the cover is removed. 

The Kelvin mains insulation testing set 
remains in principle the same as heretofore. 
The improvements effected are such that it 
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is mechanically a better instrument than 
previously. "The latest pattern is illustrated 
in Fig. 1. It is now quite dust-tight, and 
has been also improved in generalappearance. 
A small fault localising bridge, Fig. 2, is also 
made for use in conjunction with this testing 
set. It consists of a wire of uniform resist- 
ance arranged in circular form on a vulcanite 
base, and a switch is provided so that contact 
can be made at any part of the wire. The 
latter is made either to have a resistance 
of o.1 ohm or 1 ohm, and, as a scale of 
100 divisions is provided, the value of each 
division is 0.0001 or o.oor ohm respectively. 

Kelvin's multicellular electrostatic volt- 
meters are so well known that a description 
of the instrument is unnecessary. They 
are operated by electrostatic forces only, and 
are, therefore, unaffected by temperature or 
external fields. Since they are independent 
of wave form and frequency, they are equally 
accurate on continuous and alternating 
current circuits. The amount of energy 
required to operate the electrostatic type 
of instrument is negligibly small. This, at 
times, is a very important property in 
accurate laboratory tests, and also in cases 
where it is advisable to limit the load on 
a potential transformer. Many improve- 
ments are embodied in the latest pattern, 
the most valuable baving been rendered 
possible by connecting the movable vanes to 
the circuit through the medium of the liquid 


in the dash pot, instead of through the 
suspension. ‘The pointer and scale are now 
insulated from the circuit and electrically 
connected to the case. They, therefore, do 
not require to be screened. The liquid now 
used, while conducting, has also very high 
resistance, which effectually prevents any 
damage to the moving system, due to a large 
flow of current, in the event of an accidental 
contact between the vanes and cells 

The damping arrangement has been 
simplified. The dashpot is narrow and 
deep, and need only be about one-third full. 
It is therefore less liable to be spilled, and 
troubles due to varying depths of liquid are 
obviated. 

All the essential parts of the instrument 
are supported by a single casting. These 
include the suspension, vanes, screens, 
pointer, scale, and, most important, the 
spirit level. This arrangement allows the 
movement, «сс., to be removed from the 
case for examination, and replaced without 
disturbing the calibration or level. 

The method of screening is much im- 
proved. The insulated tinfoil lining is now 
replaced by substantial metal _ screens, 
mounted on insulators. Further, the switch 
handle and packing screw are тоге 
accessible, and the zero adjusting device has 
been simplified; the terminals are now 
placed further apart, and no live parts are 
exposed. 

The new portable form of this instrument 
is shown in Fig. 3. The switchboard type 
is now supported by means of a greatly im- 
proved form of bracket, as shown in Fig. 4, 
which permits the instrument to be drawn 
out horizontally instead of being lifted ver- 
tically. This is important, as no extra space 
above the instrument need be allowed on the 
switchboard panel. 

The portable horizontal scale wattmeter 
manufactured by Messrs. Kelvin & James 
White, Ltd., is of the electro-dynamometer 
type, the coils being arranged astatically, 
thus annulling any effect due to external 
fields. The case of the instrument is made 
of a non-conducting material, which still 


The ELECTRICAL MAGAZINE. (Measuring Instruments.) 39 


Fic, 3. LATEST PATTERN OF PORTABLE FORM KELVIN'S 
MULTICELLULAR ELECTROSTATIC VOLTMETER, 


further increases the accuracy, in that there 
is no error due to eddy currents. <A further 
improvement, in the way of obtaining sta- 
bility in the instrument, is the wooden base 
with which these wattmeters are now fitted. 

A new type of revolutions recorder, 
Fig. 5, manufactured by this firm has 
been designed to meet the demand for an 
accurate graphic record of any revolving, re- 
ciprocating, or other periodic motion during 
any specified time. Primarily, the apparatus 
was constructed for the purpose of obtaining 
the correct speed records of propeller shafts 
of vessels during speed and power trials, but 
it can be adapted for counting the motions 
of a wide range of machinery. 

The recorder consists of a number of 
pens which are electro-magnetically operated. 
The number of pens used depends upon the 
number of shafts, or other machines, of which 
records are required. 

The electro-magnets are actuated by con- 
tacts fixed upon the revolving or reciprocat- 
ing mechanisms, whilst the records are traced 
on a continuous band of paper, driven by a 


powerful clockwork arrangement, the speed 
of which can be regulated to give any desired 
speed of paper, from zin. to 1 5in. per minute. 
The time record on the paper is effected by 
a separate pen and electric circuit connected 
to a standard clock This time-record shows 
the lapse of every half-second or some other 
greater interval of time. This arrangement 
renders the timing independent of the speed 
at which the paper is travelling. 

In order to check the time in starting and 
stopping under certain conditions, and also 
for recording the distance and time elapsing 
between the passing of landmarks when 
making speed and power trials, a stop-watch 
can be connected to one of the pens and a 
mark made on the paper when this watch 1s 
started and stopped. This is again checked 
by the time record made by the standard 
clock. 

Whilst the instrument is being used for 
the recording of the revolutions and speeds 
of the engine-shafts during trials, it can be 
used simultaneously for recording the per- 
formance of the auxiliary pumps, fans, &c. 

On reference to Fig. 6 it will be noted 
that there is a break in the record at every 
tenth impulse of the standard clocks. "This 
greatly facilitates the counting up of the 
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total time of run, especially when this 
extends over a considerable period. 

For recording extremely rapid movements 
a tuning fork operated electrically can be 
used for giving the time record, instead of 
the standard clocks illustrated. 

Without an instrument such as just 
described, it is necessary to havc a separate 
observer at the counting dials of each 
engine, who reads the number of revolutions 
during a specified period. It is possible to 
obtain fairly accurate results by this means, 
but there is always a liability to personal 
errors. To obtain the speeds of several 
shafts at the same specified instant requires 
as many skilled observers as there are shafts ; 
even assuming the absolute accuracy of each 
observer, dependence must be placed upon 
a speed indicator or tachometer. The 
instrument described above does not in any 
way depend upon the skill, or the personal 
equation in reading, of one or more men; 
but, when once properly connected, it can 
be looked after by one man only, and the 


records obtained are certain to be correct. 
Further, the records are permanent; they 
can be read at leisure after the tests are 
over, and can be kept for reference in case 
of any controversy afterwards arising. 

Messrs. J. J. Griffin & Sons, Ltd., are now 
supplying an improved form of quartz glass 
mercury lamp, suitable for scientific research. 
The lamp is illustrated in Fig. 7, and will 
be seen to consist of three distinct parts: 
the anode bulb, the cathode bulb, and the 
vapour tube. The anode and cathode 
bulbs are different both as to size and shape. 
The sizes are as far as possible proportional 
to the amount of heat developed at the 
respective poles, in order that the loss of 
heat at each end may be proportional to the 
heat generated. This is necessary if vapour 
is to be produced at the same rate at both 
electrodes, so that it may be possible for the 
lamp to burn continuously. 

Since it is never possible to obtain the 
precise proportionality required between the 
sizes of the two bulbs, an additional device 
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A.—Standard clock impulse every half-second. 


B.--Port outer; C.—Port inner; D.—Starboard inner; E.—Starboard outer. 


every two revolutions. 
F.—Spare pen. 
G.—Bridge time signal. 
H.—Spare standard clock. 


has been employed to establish automatically 
a balance between the heat generated and 
the heat radiated. ‘This device consists in 
drawing out the cathode bulb into a narrow 
neck where it joins the vapour tube. The 
bulb and part of this neck is filled with 
mercury. The heat developed at the surface 
of the mercury 15 carried away by the mixing 
of the hot metal with the colder contents 
of the bulb; the wider the neck and the 
nearer the surface of the mercury is to the 
bulb, the more rapidly will this transference 
of heat be effected. If at any instant the 
heat is carried away too rapidly the mercury 
level in the neck will rise, and this will tend 
to retard the flow of heat to the bulb. By 
sufficiently contracting the neck and by 
making the cathode bulb of a suitable size, 
1 :Һаѕ been possible to produce a lamp 
which burns for any length of time. The 


Shaft's impulse 


electrical qualities of the lamp are dependent 
upon the amount of vapour produced at the 
electrodes. Other things being equal, this 
will depend upon the cooling of the elec- 
trodes; the better they are cooled, the 
greater will be the current through the lamp. 
In order, therefore, to make the smaller 
model capable of absorbing a greater amount 
of energy, the bulbs are surrounded by 
metal bands carrying radiators. 

The lamp is started by lifting the handle 
and tilting it until a continuous thread of 
mercury extends from the positive to the 
negative pole. Тһе arc is struck by the 
rupture of this thread, after which the lamp 
is lowered back into its original position, and 
the excess mercury returns to the positive 
pole. 

On a 220-volt supply with a regulating 
resistance of about 5o ohms in circuit the 
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lamp can be made to burn continuously 
with any P.D. between its terminals varying 
from 25 to 175 volts. At low voltages the 
arc fills the entire cross-section of the tube, 
whilst at higher voltages it becomes more 
and more constricted and ultimately forms a 
thread having a thickness of about 5mm. 
The light yielded by this lamp is the 
greatest which has ever been obtained. 
Thus with 3c4 volts between the terminals 
and a current of 3.85amp. about 6420c.p. 
were developed, which corresponds to an 
expenditure of о.182 watt per c.p. In 
order, however, not to prejudice the life of 
the lamp, it is usually not run at a higher 
pressure than 175 volts. "Then it consumes 
4amp. and develops a mean spherical c.p. 
of about 2860, which is equivalent to 0.244 
watt per c.p. 

It is well known that the mercury lamp is 
very rich in ultra-violet rays, also that quartz 
glass is transparent to such rays. This 
lamp, indeed, is by far the richest available 
source for actinic rays of short wave length, 
and, as such, may be usefully employed for 
photo-mechanical purposes. 

These lamps are also made for use on a 
110-volt supply. 


Messrs. Griffin are also supplying a lamp 
in which a liquid amalgam replaces the 
mercury. This lamp yields an extra- 
ordinarily rich line spectrum. The 
amalgam— introduced at the suggestion of 
Dr. L. Arons—consists of about бо per cent. 
mercury, 20 per cent. lead, 20 per cent. 
bismuth, 4 per cent. zinc, and 4 per cent. 
cadmium. At about 125 volts the whole 
arc exhibits line spectra, particularly rich in 
the ultra-violet region, of all the five metals. 

The electrical qualities of the amalgam 
lamp are the same as those of the mercury 
lamp. 

The electrical measuring instruments sup- 
plied by Messrs. Everett Edgcumbe & Co. 
are already well known, and, judging by the 
new and improved types we have examined, 
these are likely to maintain the firm's 
prominent position in this kind of work. 
They are now making switchboard recorders 
in which the record is marked on a flat 
chart of circular form. Fig. 8 illustrates 
this class of instrument. The hours are 
marked round the circumference, and the 
circles represent the scale divisions (volts, 
amperes, watts, &c.). А unique feature is 
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whole of the chart, so that the complete 
record can be seen at once. 

The pen mechanism is also of an improved 
pattern and gives a uniformly perfect record 
without attention or adjustment. The form 
of pen adopted is a sort of V-shaped tooth. 
The ink is well closed in, but, at the same 
time, the pen is easily filled, owing to the 
fact that it is open on the side nearest to the 
operator, and, for the same reason, 1s readily 
cleaned. The fact that these pens give an 
equally perfect trace with speeds as low as 
гіп. per day and as high as r2in. per minute, 
with drum-type instruments, where the con- 
ditions are less favourable than with flat disc 
charts, is the best criterion of the correctness 
of their design. Further, the arm which 
carries the pen is extremely flexible, so much 
so, in fact, that it can be almost doubled 
back on itself without harm, thus consider- 
ably minimising any risk of damage through 
rough handling, and at the same time 
giving a light and constant pressure on 
the chart. 

The circular chart is carried on a metal 
plate which is driven by the clock through a 
friction clutch so that the chart may be set 
to the correct time without producing any 
strain on the mechanism. A special catch- 
arm—shown nearly radially in Fig. 8—is 
provided, so that when the case is opened, 
in order to change the charge, the pen is 
automatically lifted free of the latter out of 
danger of damage during the process of 
chart changing. On closing the case again, 
the index is free to take up its natural 
position. 

These disc recorders are furnished with 
* one-day " clocks, driving the charts at mid- 
scale speeds of lin. or rin. per hour for 24 
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or 12 hours respectively. The latter type is 
especially for factory use when the plant is 
shut down at night. 

In order to facılitate re-charting in the 
drum form of switchboard recorder, the 
drums are frequently so arranged as to hinge 
or slide downwards, clear of the pen, so that 
when space is limited, a recorder of the 
Everett-Edgcumbe “disc” pattern proves 
extremely suitable. In America, similar 
recorders, due to Professor Bristol, have been 
used for some years. 

One of the latest forms of electrostatic 
voltme:ers—that due to Hamilton-—is made 
by this firm, and is illustrated in Fig. 9. 
It is of the low-tension pattern, and the 
working portion is enclosed in a complete 
metallic case, from which it is insulated, the 
case being provided with means for earthing, 
affording absolute protection from static 
shock should the instrument be handled. 
It is claimed that this is a particular 
advantage which the Hamilton patent pos- 
sesses over all other electrostatic voltmeters 
on the market. 

(Zo be continued.) 


THE WORLD’S ELECTRIC PROGRESS. 
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THE general user of elec- 
tricity must rapidly be 
coming to the opinion 
that the machines and appliances employed 
both in the generation and utilisation of the 
power have been considerably improved 
within the space of a few years. The electric 
lighting of buildings remote from public 
supply mains had come to be considered as 
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THe ‘Sanco’ PgrRor-ErECTRIC LIGHTING PLANT COMPLETE. 


a refinement of luxury, limited to the country 
properties of the wealthy. Installations 
of this character were of high first cost, their 
upkeep was expensive, and they were usually 
not of high efficiency. Yet this branch of 
the electrical business offers a wide and 
attractive field to the manufacturer, and the 
special work of designers towards securing 
small electric power generators which should 
be efficient as well as independent of con- 
stant skilled attendance has evolved lines of 
gas, oil, and petrol-engine sets which combine 
low cost with every degree of reliability. 
In large towns of course it is practically 
always advisable to buy current from the 
public supply authorities; but in the case 
of isolated buildings, such as country houses, 
and remote workshops, 
laundries, factories, &c., a 
self-contained electric plant 
is of extreme value. The 
recent progress made in 
the design of petrol engines 
mainly for motor-car pur- 
poses has led to the com- 
bination set of an electric 
dynamo coupled to a 
small petrol engine which 
has proved extremely effi- 
cient. Of this class of 
generator the ‘Sanco " 
petrol electric set exhibits 
a remarkable simplicity of 
construction which ensures 
uniformly successful opera- 
tion in the hands of un- 
skilled labour. 

The engine is designed 
on what is known as the 
two-stroke principle; that 
is, the crank shaft receives 
animpulseevery revolution, 
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which gives a very even turning movement, 
and the steady running which is of con- 
siderable advantage in connection with 
electrical work. It is extremely simple, 
there being only three workirg parts, viz., 
piston, connecting rod, and crank shaft. 
These parts are carefully counterbalanced, 
thereby eliminating vibration as much as 
possible. All the bearings are of ample size, 
and are made of phosphor bronze. There 
are no valves exposed to the extreme tem- 
perature of the burning gases, the admission 
of the explosive mixture, and egress of the 
products of combustion being controlled by 
the piston covering and uncovering two ports 
in the cylinder. Each engine is fitted with 
a patent system of exhaust scavenging which 
is extremely simple and at the same time 
effective. The method of operation is as 
follows: An intermediate chamber is pro- 
vided between the crank case and cylinder, 
and at each revolution of the engine this 
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chamber is filled with pure air, which enters 
the cylinder under pressure immediately 
after each explosion, and effectually sweeps 
out the burnt gases before the new charge 
of explosive mixture enters. This effects 
a considerable economy of fuel. Special 
attention has been paid to the lubrication 
of the engine, and the oil is fed under 
pressure through sight feeds. The pressure 
is obtained from the under side of the 
cylinder, and not from the exhaust, as is 
common; by reason of this arrangement 
the tubes do not become choked by burnt 
carbon. 

The dynamo is of the four-pole type, 
shunt wound, and capable of efficiently 
supplying its full rated load for long periods. 
The commutator and brush gear is of large 
size, giving ample contact surface and spark- 
less running. The dynamo is assembled on 
the same base-plate as the engine to which 
it is direct coupled. The complete ‘‘Sanco” 
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set as made by Messrs. G. H. Scholes & Co., 
Manchester, comprises the engine, dynamo, 
sparking coil, set of batteries, switchboard, 
water-cooling tank, and petrol tank, and is 
standardised in two sizes, one for 5o lights, 
and the other for тоо lights. 
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A PROCESS of electro- 
deposition has recently 
been patented which 
promises to be of considerable commercial 
importance. Solutions of metallic salts in 
water are the rule in electroplating, although 
in special cases, where the desired deposit 
would react with water, it has been suggested 
to employ other solvents than water. The 
new process embodies the use of a plating 
bath, consisting of a solution of a chloride 
of the metal to be deposited in alcohol. 
The alcohol may be either commercial 
ethyalcohol or methylalcohol or denatured 
alcohol. The chief advantage desired is the 
practical suppression of the evolution of 
hydrogen gas on the surface to be plated. 
The electrolyte may be made by dissolving 
the metal chloride in the alcohol. Another 
way is to add one or several per cent. of 
pure concentrated hydrochloric acid to com- 
mercial alcohol and start electrolysis with 
an anode of the metal to be plated, whereby 
the metal chloride is produced by anodic 
reaction. It is stated that in this way, at 
ordinary temperature and without any further 
additions, an excellent electrolyte is formed 
for depositing gold, copper, nickel, cobalt, 
tin, and other metals. From 24 to 3 volts 
are said to be required. "The process is not 
applicable for plating with silver and lead, 
and is not recommended for plating with 
platinum and zinc. It is claimed that alloys 
(like brass) can be easily deposited by this 
method either by dissolving a mixture of 
various metallic chlorides in alcohol or by 
employing anodes made of different metals. 
Zinc, nickel, copper, and tin may form a 
variety of colours on the same cathode. 
Alloys of other metals with aluminium 
(though not pure aluminium) may also be 
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deposited. The process is said to solve in 
an easy way the problem of plating other 
metals upon aluminium. The trouble in 
plating aluminium has always been supposed 
to be due to the invisible film of aluminium 
oxide, which always exists on aluminium 
surfaces, and which prevents other metals 
from sticking. If the aluminium surface to 
be plated is first made anode in the alcohol 
plating bath the oxide film is reduced within a 
few minutes, and when then the connections 
are reversed and the aluminium surface is 
made cathode, the oxide film does not form 
again in the alcohol solution and the electro- 
deposited metal strikes upon the clean pure 
aluminium and adheres to it. 


THE well-known “ Victor" 
“Victor ” 
Are Lamps. Arc Lamps, manufac- 


tured by the Electric and 
Ordnance Accessories Company, Ltd., in- 
clude ordinary standard enclosed and a 
special form of miniature enclosed and 
also flame arc lamps. The chief feature 
in these lamps is the device used to pro- 
duce a regular and smooth feed to the 
arc without the aid of the shunt coils, 
cams, levers, &c, which are so much 
in evidence in other lamps. The device 
used is known as the “ Victor” clutch, Fig. 1, 
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and works on the magnetic principle. This 
clutch consists essentially of two parts—a 
core and armature, the armature being 
pivoted and provided at one end with a 
steatite grip, so that the carbon passing 
through the core is gripped by the latter 
when the current is switched on, and at the 
same time the whole clutch is drawn up, 
seeking to take a balancing position in the 
air gap formed between the end of the 
series magnet core and the magnet frame. 
The whole device is extremely simple and 
efficient. All the lamps are fitted with this 
clutch, which is, moreover, essentially the only 
moving part in the lamps, all other clock- 
work devices, shunt coils, &c., having been 
proved unnecessary. 

The standard enclosed lamps will operate 
singly on 100-125 volts, this being a con- 
siderably higher voltage than that usually 
employed, effecting a great saving in current 
and a considerably enhanced efficiency as 
compared with lamps working on the same 
voltage but which use a large line resist- 
ance. The carbons used are each 11mm. 
in diameter, and are solid, the difference 


between the positive and negative carbons 
being only in that of length. These lamps 
are also made for photographic use, and can 
be fitted with special inverted reflectors for 
use in drawing offices, factories, &c., where 
absolute diffusion of light is necessary. 

The miniature enclosed lamps, Fig. 2, are 
constructed practically the same as the stan- 
dard type lamps, but are of course much 
smaller, their size being only about 16in. long 
over all, and weight about 4lb. ‘These lamps 
are specially adapted for lighting stores, ware- 
houses, shops, &c., where formerly clusters 
of incandescent lamps have beenused. The 
efficiency of these lamps is remarkable, 
running to about 1 watt per candle-power, 
the candle power being approximately 350. 
For indoor use the lamps are provided with 
a special bayonet type adaptor and plug, 
and can be run on ordinary incandescent 
lighting mains, the current running to only 
about 14 to 2hamp. according to whether 
the lamps are run singly on roo to 150 volts 
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ог two in series on 200 to 250 volts. Burn- 
ing-hours with one pair of carbons are approxi- 
mately 3o to 40. The lamp is simple to 
trim, it being only necessary to take the globe 
off—this by special design being an easy 
operation. 

In the flame lamps, Fig. 3, the carbons are 
inclined to each other, and each is fitted 
with one of the “ Victor” clutches. The 
carbons strike off an insulated heat-resisting 
roller. Both carbons are cored and the 
same length, the positive being omm. 
diameter and the negative 8mm. With one 
pair of carbons the burning-hours are 
approximately 18 to 20, and the candle- 
power averages 2500 to 2750. The lamps 
take from 6amp. to 8amp., and run singly 
on circuits from бо to 120 volts with very 
little line resistance. 
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IN the modern laundry 
electricity is widely used 
in lamps, motors, and 
heaters, in all of which it has demonstrated 
its convenience and cleanliness. ‘The light 
in a laundry must be good, particularly when 
work is done at night or when the laundry is 
situated in a sub-basement, as often occurs in 
the laundries of large hotels and institutions 
or those on passenger steamers and warships, 
which latter are located in the hold, where 
daylight does not penetrate. The walls and 
ceiling are generally finished in white, and in 
the most up-to-date laundries, the large com- 
mercial establishments and those of hotels 
and institutions, white enamelled tiles are 
often used. Оп shipboard the use of white 
enamel paint is advantageous. In the older 
establishments white paint is now used with 
a liberal hand, and has resulted in a great 
improvement of the interiors. Arclamps are 
occasionally used in laundries for general 
illumination, but they are best adapted for 
the loading platform and the yard. The 
incandescent lamps, owing to the fact that 
they can be obtained in units of various 
sizes and the lamps can be so distributed 
that shadows are avoided, are usually em- 
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ployed for the interiors. Nernst or metal- 
filament lamps can be used with great 
advantage and installed to suit the various 
machines. No general rule can be given for 
the distribution of these lamps, but it is 
desirable to have an intensity of illumination 
of from 7 to 10 foot-candles on the machines 
and at points where the goods are handled. 
This intense light is necessary owing to the 
fact that each article must be carefully in- 
spected after each operation in order that 
imperfect work can be detected and turned 
back. 

The individual motor drive, except on the 
finishing tables and possibly on the washing 
machines, is the most satisfactory method of 
handling the motor problem in laundries, 
although the group drive can be utilised 
for some machines. The use of motors 
eliminates the overhead shafting and belts, 
which are the source of a great deal of 
trouble, and from the view-point of the 
laundry proprietor this trouble is a serious 
matter. Overhead shafts and belts accu- 
mulate dust and dirt, and on occasions the 
drip pans for the bearings overflow and a 
considerable portion of the laundry work 
inust often be handled twice from this cause. 
Laundry operations are intermittent; many 
of the machines are used only at intervals 
and others are in operation during only a 
portion of the working period ; hence it can 
be appreciated that a considerable economy 
can be effected by a motor installation which 
only consumes power during the actual period 
of service. The motors required for this 
work are of comparatively small sizes, but 
there are a. great many laundries, and their 
number is increasing, and for this reason the 
field offers great opportunities to the motor 
manufacturers who study its requirements. 
The character of the work is such that at the 
present day the direct-current motor is best 
suited for laundry service owing to the facility 
with which its speed can be controlled. 

Washing machines are usually installed in 
the basement or on the first floor. These 
machines are generally rated by the number 
of shirts washed at a time and are built for 
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from 40 to 400 shirts; they require to be 
instaled upon a concrete floor arranged 
with drains for disposing of the water from 
the machines and for handling the wet 
goods removed from them. The extractors 
for drying the goods are usually placed in 
front of the washers in order to concentrate 
the sloppy portion of the work in one place. 
The washing machines consist of two con- 
centric cylinders, the outer is water-tight 
and stationary, while the inner is perforated 
and arranged to revolve, in which the goods 
to be washed are placed. When the goods 
are put in the machine cold water is 
admitted and the machine started, live 
steam being then admitted. The individual 
motor drive 1s occasionally used for washing 
machines, but the group drive is generally 
favoured. The inner cylinder revolves first 
іп one direction, then in the other, and the 
reversing process consumes considerable 
energy. With the group drive the motor 
will be smaller than the aggregate power of 
the motors required for the individual drive. 
In addition, the motor driving a group of 
washing machines can be so placed that it 
will not be subjected to the dangers of 
having water splashed over it. Chains are 
often used for transmitting the power from 
the motors to the line-shafts, and waterproof 
leather or rubber beltings are used between 
the line-shaft and the washers. Some wash- 
ing machines are driven by a single belt 
with a geared reversing mechanism, and this 
method has proved satisfactory. This geared 
device is desirable when individually: driven 
washing machines are used, but the belt 
drive is often employed. 

With regard to the determination of power 
required by washing machines, a гие-оЁ- 
thumb method is to allow 1.50h.p. рег 100- 
shirt rating of the washing machines for the 
individual drive and 1.25h.p. per тоо shirts 
for the group drive. ‘This rule works out 
very well in practice and gives ample power 
for the reversing mechanism. With the 
group drive this rule allows for the power in 
the line-shaft. The motors employed are 
usually of the compound-wound type. 
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The extractors, sometimes called hydro- 
extractors or centrifugals, are driven by 
series motors. For laundry work the ex- 
tractors range from zoin. to 3oin. in diameter 
of basket and run at a peripheral speed of 
from 5oooft. to бооой. per minute. These 
machines are used for a few minutes at a 
time and then are idle while the dried goods 
are removed and a wet batch placed in then. 
A rheostat and a double-pole switch are 
used for control purposes. The rheostat 
can be mounted on the curb of the extractor 
or upon a convenient post or on the motor 
pedestal, if one is used. There are several 
methods of applying the motor drive to 
extractors. According to the earliest type, 
the motor was mounted on a pedestal 
behind the extractor and drove the extractor 
through a quarter-turn belt. A later type of 
drive uses a vertical-shaft motor mounted 
upon an extension of the extractor bedplate 
and belted direct to the basket spindle. In 
the latest type of motor-driven extractor the 
motor is combined with the machine, the 
armature of the motor being mounted directly 
upon the spindle of the machine. 

Tumblers are used to shake the goods 
out after they are removed from the ex- 
tractors. These machines are similar to 
washing machines ; they require about the 
same amount of power as does a washing 
machine of equal size. 

Mangles are made in a number of sizes, 
the smallest for handkerchiefs, the largest 
for heavy linens, damasks, &c. These 
machines require a controller giving one or 
two slow reverse speeds, and varying the 
speeds for the working direction from 50 to 
125 per cent. of the normal motor speed by 
a combination of armature resistance and 
weakening the shunt-field current. Oc- 
casionally these controllers are equipped with 
an overload release, which is convenient in 
case the goods become stuck in the machine, 
as it prevents their being damaged. Mangles 
usually have from one to three heated rolls, 
although in some types there are one heated 
roll and four steam chests. The largest 
sizes handle work fed to them very wet in 
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Approximate 


P | 
Machine. Hee speed of motor, fundo Controlling device. 
motor. motor | 
r.p.m. 
zoin. hydro extractor ................ 1.5 1400 Series Starting box 
2610: ех{тасї!ог....................... 3.0 1400 Series | Starting box 
3oin. extractor ............... жөкө ГК 4.0 1200 Series Starting box 
Mangle, і20іп.- | А 
Smal!, 3 rolls ............. MES 1.0 goo Shunt | f Variable speed 
Small, 5 гоЇЇ$.................... 1.34 1200 Shunt | | Contro) with reverse speeds 
Medium, 3 го!Ї$.................. 1.5 goo Shunt | Опе or two slow reverse speeds 
Medium, 5 rolls.................. 2.0 1200 Shunt | Working speeds from 50 to 125 
Large, 3 гОЇЇ$.................... 2.0 450 Shunt ( per cent. of normal 
Large, 5 rolls... ice rese 3.0 650 Shunt 
Handkerchief mangle....... oda ads 0.34 1200 Shunt ( Variable speed 
Return apron mangle ................ 0.75 750 Shunt l Armature and field resistance 
Single roll mangle ........ РРР M 0.25 750 Shunt Speed regulator 
Small mangle, 4 rolls ................ 0.75 750 Shunt Variable speed 
Bosom starcher.............. eee eee 0.25 1000 Shunt Starting box 
Band starcher ............ Vd Rail 0.125 1000 Shunt Switch 
Shirt starcher............ TRIP NS 0.25 1000 Shunt Switch 
Dip wheel starcher .................. 0.50 боо Shunt Starting box 
С. & С. ѕќагсһег ...... T DES ©. 25 500 Shunt Switch 
Starch extractor .................... I.00 боо Series Starting box 
Cabinet dry room and conveyor dry 
room fans..... ihe ie S Lo URSUS 0.25 200 Shunt Switch 
Dry room conveyor — 
2100р: ердә ОТУУ 0.125 350 Shunt Speed regulator 
21 1оор...............24... TM 0.125 350 Shunt Speed regulator 
3100D ............. posta Sua 0.25 450 Shunt Speed regulator 
34 Тоорой ЕТИ 0.25 450 Shunt Speed regulator 
4 Toop 35d xL eR oda 0.25 450 Shunt Speed regulator 
4%1оор................... — 0.34 700 Shunt Speed regulator 
5 loop ............ Малы алары 0.34 700 Shunt Speed regulator 
C. &C.dampener .................. 0.17 1000 Shunt Starting box 
C. & C. ironer, 42in. eel 0.75 750 Shunt Variable specd 
С. & С. ігопег, 48іп. ................ | 0.75 750 Shunt Speed regulator 
C. &C.ironer,24in. ........... VU 0.25 750 Shunt Speed regulator 
Combined ironer, rin. "n 0.25 750 f | 
| 5 n 
Bosom ironer, їўїп.................. T 0.34 700 Shunt | 22. 
Bosom ironer, іоіп,.................. | 0.25 1000 Shunt Reversing switch 
Bosom press ............ БА AANE ree 0.50 1100 Series Reversing switch 
Reverse body ігопег ................ | 0.50 600 Compound SEM кы 
Reversing switch 
Body ігопег, 3бїп..................... 0. 34 | 650 Compound Speed regulator 
Reverse sleeve ironer, 13іп. .......... 0.25 1000 Compound je pese oe 
l Reversing switch 
Sleeve ігопег, 12іП.,................. 0.25 1000 Shunt Speed regulator 
Band ігопег, біп. ............. ЗЕР Т 0.125 1000 Shunt Switch 
Cuff attached ironer ................. 0.25 1000 Compound Speed regulator 
Fluting machine ................ ae 0.125 | 1000 Shunt Switch 


Speed Regulator, — Denotes speed regulation by the insertion of resistance in series with the armature of the motor, 

Variable Speed.—Denotes speed regulation from 50 to 125 per cent. of normal by the use of resistance in series in the 
armature circuits for the low speed, and by resistance in series with the shunt-field winding for the high speeds. 

Starting Box.—Denotes the ordinary rheostat used with a shunt motor. 

In the laundry many of tlie operations are intermittent, and the electrically driven machine consumes power only 
during the time it is actually in operation, Reliable cata in regard to the cost of electrical operation as compared with 
mechanical operation are difficult to obtain. Few laundries care to disclose their cost of operation. Н has been claimed 
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that the cost of operation was reduced Ьу as much as one-third by the use of motors, while smaller reduction has been 


admitted in a few cases. 


Necessarily the size of the laundry will have some eftect upon the reduction in operating expense, 


it being possible to obtain better results in a large plant than in a small опе. In fact, the small plant may not save any expense 


for energy and may find its operation bill higher. 
premises or bought from a central station. 


It will make considerable difference whether energy is generated upon the 
High-pressure steam is necessary for heating the mangles and the washing 


machines, as well as for the dry rooms; owing to the necessity for a steam boiler for this purpose the generation of electricity 


either by steam-engine driven or gas-engine driven generators adds comparatively little to the operating expense. 


The 


elimination of dirty belts and shafting and the added convenience of the electric drive are factors of no mean magnitude 
On these grounds alone considerable expense in first cost of electric plant will be justified, 


order that a snow-white finish may be 
obtained, and the figures on damask will 
show up raised. The work is conveyed 
through the machine by an apron, special 
feed guards being used in order to prevent 
the operators from getting their hands drawn 
in by the goods. ‘The motors for mangles 
range in rating from o.3h.p. to 3.oh.p. 

Starching machines are made in a variety 
of types for handling different kinds of 
goods. Collars and cuffs are starched either 
in drum machines, which dip the goods 
under the starch and wipe off the surplus, or 
in a barrel or dip-wheel starcher, which 
consists of a vessel in which the starch and 
the goods are placed, the machine working 
the starch thoroughly into the fabric by 
rotation. А shirt starcher consists of a 
starch vessel and rubbing frames which work 
the starch into the fabric by a reciprocating 
motion. Bosom starchers are designed to 
apply the starch to the bosoms of stiff shirts, 
leaving the rest of the garment free from 
starch. These machines are used in com- 
bination with band starchers, which аге 
employed for working the starch into the 
neck bands and the sleeve bands. These 
machines are also used in applying starch to 
attached cuffs and collars. The motors 
required for these machines range from 
o.125h.p. to o.sh.p. А regular starting 
rheostat is required, as the speed of the 
motor is not varied. Starch extractors are 
similar to hydro-extractors, but are run at 
slower speeds. The speed is adjusted to 
leave just the proper amount of starch in the 
goods. Series motors are used with these 
machines. 

Dry rooms are of two types, cabinet dry 
rooms and conveyor dry rooms. In the 
former the goods are hung on racks and the 
air is circulated by means of fans, which 


require from o.125h.p. to o.25h.p. The 
conveyor dry rooms are made in a variety of 
sizes, ranging from two to five loops of the 
conveyor, fans being used to circulate the 
air. The motors for this work are of slow- 
speed type, and speed regulators are used for 
controlling the speed of the conveyors. 

A variety of ironing machines are built for 
handling collars and cuffs, bosom ironers for 
shirts, body ironers for shirt bodies, band 
ironers for sleeve and neck bands. The 
latest step in the ironing is the use of 
presses instead of the ironers. The finish- 
ing table, which is a device in which 
collars and cuffs are finished on the edges 
and in which turn-over collars are formed, 1s 
also motor-driven. The motors used for 
these machines range in rating from o. 125h.p. 
to 0.75h.p., апа a variety of controlling 
devices are used. Most of the motors are 
designed for comparatively slow speeds. 

One of the great advantages of the motor 
drive lies in the fact: that the speed of the 
machine can be accurately adjusted to turn 
out the maximum quantity of work. Thein- 
crease in output varies largely, less advantage 
in this line being attainable in a well-managed 
plant than in one where the supervision is 
slack. Increases of from 5o to тоо per cent. in 
output have been attained by an intelligent 
study of the work when  motor-driven 
machines were introduced. In some cases 
much greater increases in output have been 
secured, but only a portion of such gain is 
due to the use of motors. 

In regard to the cost of equipping a laun- 
dry with motors, a writer in Zhe Electrical 
IVor/d gives as an approximation that the 
cost can be estimated when the sizes of the 
motors are those suited for the ordinary com- 
mercial line of work by multiplying the 
aggregate horse-power required to operate 
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the various machines by £33 
($160). This product will be 
the cost of the motors for in- 
dividual motor drives and con- 
trolling apparatus. The preced- 
ing table is also given. This is 
based upon practical work and 
gives the rating and speed of the 
motors required, together with 
the type of controlling devices 
used for the equipment of laundry 


machinery. 
av 


THE manu- 

тесе Fan facturers of 
otor s. 

the well- 

known “Cyclone” fans апа 


blowers, Matthews & Yates, Ltd., 
have just put upon the market 
their new motor as per illustra- 
tion. ‘The motor is specially de- тө: 
signed for slow speeds, and is, therefore, 
eminently suitable for coupling direct to 
fans. It has a circular yoke, and when 
required to work as an independent motor, 
it can be fitted with feet, Fig. 1. Тһе 
frame is made from a special mixture of cast 
iron, bored and machined to receive the 
laminated poles and, bearing housings. 


. SLOW-SPEED MOTOR FITTED TO PROPELLER FAN. 


The bearings are of the self-oiling type, 
fitted with long gun-metal bushes, and the 
lubrication is accomplished by two rings 
running in an oil well. Each bearing is 
interchangeable, and can be turned round 
to any quarter, thus allowing a standard 
machine to be fixed either on the floor, wall, 
or ceiling by simply turning the bearing 
round as required. 

The windings are formed be- 
fore assembling, and each arma- 
ture coil is taped and jigged 
before being laid in the slots. 
The end winding is symmetrical 
and secured to a castiron end- 
plate on both the two and four 
pole machines, which is a special 
feature. The rating is low, and 
all motors will stand an overload 
of 25 per cent. for cne hour, or 
бо per cent. momentarily. The 
motor is fitted to propeller fans 
as illustrated (Fig. 2), and also 
to those of the blower and ex- 
hauster type. These fans are 
claimed to be equal in efficiency 
to any at present before the 
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public, and have gained a world-wide reputa- 
tion. They are largely used by the H.M. 
Office of Works and the Post Office, and are 
ventilating numerous public buildings, such 
as the Houses of Parliament, Buckingham 
Palace, the Natural History Museum, various 
county courts, &c., &c. E 
The firm also make a speciality of induced 
draught for boilers, and pride themselves on 
the stability and finish of their fans for this 
purpose. They have lately carried out con- 
tracts in this line for the following corpora- 
tions : — Leeds, Sunderland, Beckenham, and 
Govan; also for the Stalybridge, Hyde, 
Mossley, and Dukinfield Tramways, and 
numerous other public and private firms. 


Ар 


The use of submerged 
bells as fog-signals at sea 
has not been adopted to 
any extent on our shores, although they are 
frequently used by other countries. At the 
request of the London and North-Western 
Railway Company, the ‘Trinity House 
authorities are about to instal a system of 
electric submarine bell signals off the Lizard. 
These will be the first of their kind to be 
used in this country, and their operation will 
be followed with interest. It is doubtful 
whether any British electrical firm lists such 
specialities, but it would seem that now there 
is an actual demand it will be worth their 
while to give the matter full attention. In 
this connection we would refer readers to an 
article appearing in a recent number of the 
Engineer, in which several of the designs 
adopted abroad are described 

One of these bells was put down as 
recently as September last in the outer 
entrance to Havre harbour. The entire 
mechanism, with the exception of the ham- 
mer and gong, are enclosed in a watertight 
cast-iron case and the complete bell either 
suspended—as from a lightship or in deep 
water from a lighthouse—or weighted to rest 
on the sea bed. The motive power used is a 
three-phase motor supplied by a Мыр. oil. 
engine generating set. According to the 


Submarine 
Electric-bells. 


writer of the article, M. Ribiére, the chief 
engineer of the French Service des Phares, 
three-phase current is used for the following 
reasons: 

(1) The timing of the signal is obtained by 
mechanical gears inside the bell and without 
interruption. of the current, which remains 
constant, permitting the generator to run at 
constant speed; (2) during the intervals 
separating the signals there is an accumula- 
tion of energy in the mechanism; (3) the 
use of alternating current allows high tension 
to be employed with conductors of small sec- 
tion; and (4) the motors are simple and 
trustworthy, needing little attention, and can 
be run immersed in petroleum. It is said 
that the cost of the submarine electric bell 
at Cherbourg, with its electric generator and 
соот. of cable, was about £240. 


Ар 


Іт is well known that the 
aluminium electrodes of 
a condenser, rectifier, or 
lightning arrester сей emit small sparks 
over their surface when the voltage across 
the cell terminals reaches a certain value, the 
critical voltage depending upon the particular 
cell and the nature of the electrolyte. This 
phenomenon has been the subject of 
research, and highly interesting and valuable 
results have followed, as set forth by 
Mr. G. A. Johnstone in a recent number 
of the Lvlectrteal World. In the ordinary 
aluminium сей the sparks produced are 
spread over the surface of the electrodes, 
and are of short duration, gradually de- 
creasing and finally dying away altogether as 
the voltage is maintained constant ; a sub- 
sequent increase of the voltage restarts the 
sparking and a similar effect ensues. This 
curious property has been explained as due 
to the alternate breaking down and re- 
healing of weak spots in the film on the 
surface of the electrodes, and has been 
shown to be dependent upon the purity 
of the electrodes, inasmuch as with electrodes 
of pure aluminium the pressure required to 
set up the sparking is much higher than 


A New 
Light .$ource. 
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when crude, adulterated electrodes are used. 
The line of research followed, therefore, 
was the use of definite aluminium alloys. 
The results obtained in trying one com- 
bination in particular were so striking that 
they promised at once possibilities of 
usefulness. Moreover, an entirely new 
phenomenon was presented. The alloy was 
one that is used in making small aluminium 
castings, consisting of about 9o per cent. 
aluminium and the remainder mainly of 
copper and tin, with small quantities. of 
manganese, iron, and zinc, and traces of 
silicon. With such a large percentage of 
foreign non-film-forming metals present, 
the alloy would hardly be expected to resist 
a very great voltage. It was found, however, 
that although the leakage was much greater 
than with pure aluminium, the pressure 
could be gradually raised to 250 volts with- 
out the passage of large currents. The 
electrolyte used most frequently was a 
solution of common borax, although other 
alkaline solutions gave similar results. 

The light from this cell was found to be 
very different from that of one using pure 
aluminium. Instead of being described as 
sparking it can best be called glowing. 
With a cell that has been subjected to 
pressure for a sufficient time to form a con- 
siderable coating on the electrodes, the 
glowing is first noticeable at a pressure of 
from 40 to 50 volts in a room where the 
daylight is shaded, and increases in bright- 
ness with the e.m.f. until at 200 volts a 
stick electrode looks like a white-hot iron 
rod that has just been plunged into water. 
With a lower voltage the light is of an opal 
colour, presenting a glowing appearance of 
great evenness and brightness. When the 
e.m.f. is increased beyond 200 volts, small 
white, shifting sparks appear among the glow, 
which itself has become white. 

The explanation of this effect which seems 
to best agree with the experiments is that 
the light emanates from a multitude of 
minute arcs that form at each point where 
the foreign substances appear. When viewed 
with a microscope the illumination does not 


separate into individual arcs, but this is, as 
would be expected, on account of the gas 
bubbles that are continually forming and 
shifting on the surface of the metal; more- 
over, the non-film-forming substances must 
be separated by molecular distances only. 
Further research with the proper equipment 
may determine that the gases present play 
an important part. 

With alternating current the electrodes 
alternately glow and become dark in phase 
with the frequency. ‘This fact was demon- 
strated when a cell having its two electrodes 
near each other was viewed with a strobo- 
scopic disc. "The light appears first at one 
and then at the other in the same way that 
the arc in a mercury rectifier is seen by 
means of a disc to leave one anode. and 
appear at the other, only the light is less 
abrupt in changing from one source to the 
other in the aluminium cell. 

The utility of the aluminium cell as а 
high-frequency indicating device is at once 
suggested, and already the principle has been 
applied to the design of a slip-meter with 
good results. 

As to the intensity of the light, it is stated 
that a cell having two electrodes of about 
the size of a lead pencil, and consuming 
about 8 to ro watts, emitted light sufficient 
to read small print held near the cell. 
Doubtless many others will be prompted to 
take up the study of this peculiar source of 
light, and adapt it to special technical and 
commercial requirements. 


Ay 


JupciNG by the present 
state of the aluminium. 
making industry it would 
seem safe to predict that the year just 
started will see a remarkable increase in the 
use of ziaminium in the electrical as well as 
in other industries. Open competition has 
already entered the field in Europe ; many 
new works have recently started or are 
being put down in various countries. 
Notable amongst these is the new works of 
the Aluminium Corporation, Ltd., installed 


The Coming оу 
Aluminium, 
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near Conway, North Wales, and replete 
with a hydro-electric power system and 
electric furnaces of the most modern descrip- 
tion. Other works were started by the same 
company earlier in the year at Wallsend, 
and the British Aluminium Company, whose 
works at Foyers have been in operation 
since 1896, are now putting down a further 
plant of some 20,0ookw. at Kinlochleven, 
which it is expected will start production 
early this year. The result of this develop- 
ment in manufacture on straightforward 
competitive lines has been the market supply 
of aluminium at £65 per ton, the price of 
which some two years ago was in the neigh- 
bourhood of £200 per ton. In the United 
States, the home of the industry, the holding 
of the Bradley patents vested the Aluminium 
Company of America with a monoply, and 
their products commanded a steady price of 
upwards of £180 per ton. Nowadays 
European aluminium is to be had in the 
States at a price of £140 per ton, and the 
home product has perforce been reduced 
accordingly. But even there the Bradley 
patents expire this year and prices will 
immediately be on the level prevailing on 
this side. 

Whilst the present price here is about the 
sanie as that of copper, it would seem from 
figures of cost of production which are 
available that £65 per ton must be very 
near actual cost, and considerable. fluctu- 
ations may be expected in the near future. 
However, it 1s certain that the prices of two 
years ago will never again be reached, and 
aluminium has definitely come as a powerful 
rival to copper for electrical usage. 


^ 


A NEW lamp which is 
claimed to combine the 
advantages of the carbon 
filament and mercury-vapour lamps, being 
insensitive to shock like the former and 
having the economy of the latter, has been 
developed in Germany. ‘The consumption 
of energy per candle-power is said to be 
about sixty per cent. less than that of 


A New Carbon 
Mercurg Lamp. 


ordinary carbon lamps. The lamp consists 
of a carbon filament fused into a U-shaped 
glass tube, which contains a drop of 
mercury and an indifferent gas in order to 
transmit the heat of the filament to the 
mercury. ‘The U-shaped tube is then fused 
into a bulb, so that the completed lamp has 
the general appearance of an ordinary in- 
candescent lamp. When the lamp is started 
the filament at first glows with a current 
consumption of about three watts per 
candle-power, like an ordinary lamp. As 
soon as sufficient mercury has been vapor- 
ised the light intensity increases more than 
twofold, so that the lamp consumes about 
1.5 to 1.6 watts per candle-power. It 
requires about five minutes for the light to 
reach its full intensity, but as the lamp gives 
light from the moment current is turned on 
it may be used for all purposes. The lamps 
are made for all the usual tensions, and 
their life under normal conditions is from 
600 to 1000 hours. The light is a pure 
white and contains no disagreeable green or 


blue rays. 
P 


DespitE the fact that 
practically all modern 
passenger steamers and 
war vessels have some electrical plant aboard, 
even 1f it be only for lighting purposes, it 1s 
obvious to anyone who gives this subject 
much consideration that herein lies an im- 
mense field for the electrical manufacturer. 
There are a hundred-and-one uses to which 
the electric motor could be advantageously 
adapted on passenger and cargo steamers, 
and when one comes to warships the scope 
afforded is almost illimitable. Whilst it 15 
a fact that our navy is about to be augmented 
by a large battleship in which electricity is 
to form the sole motive power for all 
auxiliary purposes, the proved reliability and 
convenience of the electric motor would 
seem to warrant its adoption in place of the 
existing compressed-air and hydraulic sys- 
tems common in warships. Even where air 
compressors are indispensable, as for torpedo 


Electricity on 
Shipboard. 
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firing, the compressors are best driven by 
electric motor. Watertight doors have 
already been arranged for electrical operation 
in vessels of the United States Navy. A 
striking advantage of this arrangement is 
that the opening or closing of the doors can 
be readily indicated at a remote part of the 
ship. For such purposes as ammunition hoists 
and carriers, gun-laying, turret-moving, boat- 
raising and lowering, and ventilation, the 
electric motor has been frequently applied. 

A remarkable feature of the adaptation of 
electricity in warship equipments is that for 
the “domestic” purposes Many modern 
warships are fitted in a most thorough 
manner with electrically driven laundry 
machinery, and for baking and cooking 
they have such machines as dough-mixers, 
potato-peelers, meat-choppers, «сс. 

Comparing electricity with steam, pneu- 
matic or hydraulic power aboard ship, the 
subject need not be gone into at any length 
to demonstrate that the electric motor will 
practically oust its competitors for all auxili- 
ary purposes. In this connection it is some- 
what strange that more attention has not been 
given to the use of polyphase currents aboard 
ship. The noncslip-ring, squirrel-cage motor 
affords the very highest degree of security, 
and particularly on warships its general use 
would appear to be imperative. 


Ар 


Four three-phase locomo- 
tives have recently been 
constructed by the Ganz 
Company for the Valtellina railway which 
can be operated at three different speeds 
and possess some other novel features 
in the arrangement and construction of 
the motors. The locomotives are of the 
six-wheel type; their entire length be- 
tween buffers is 11.54 metres ; the dia- 
meter of the driving wheels is 1.5 metres, 
and of the trailing wheels, o.8 metre. 
They have one eight.pole and one twelve- 
pole motor, each of them being operated 
by a current of 3000 volts and fifteen 
periods per second, supplied by overhead 


A New Three-phase 
Locomotive. 


conductors. Three different speeds are 
obtained by using either one or the other 
motor separately, or both motors in series. 
With the eight-pole motor alone the normal 
speed is sixty-four kilometres; with the 
twelve-pole motor, forty-two kilometres, and 
with both motors in cascade 25.5 kilometres 
an hour. The motors are enclosed in a 
casing of sheet and forged iron, castings 
having been entirely avoided. Тһе rotors 
are provided with three collector rings at 
the end opposite to the driving coupling, 
but the rings are on a separate shaft 
driven, by a crank, in order to permit of 
easy access to all the parts of the machine. 
The brush-holders are fastened to the frame 
of the locomotive and enclosed in a sheet- 
iron box. The movement of the motors is 
transmitted to the driving axles by means of 
cranks, there being absolutely no gearing. 
The starting of the motors is accomplished 
by a liquid rheostat, consisting of a certain 
number of plates between which water is 
introduced by pneumatic pressure. The 
tractive effort at the lowest speed indicated 
is 6600 kilogrammes, and at the other 
two speeds 5500 kilogrammes. The 
8-pole motor alone, in a one-hour test, 
developed riookw., the 12-pole motor 
88okw., without the temperature rising 
above 75deg. C. The total weight of the 
locomotive is 62 tons ; the adhesive weight, 
42 tons. 
“> 


READERS are reminded that the 
1909 Edition of the Electrical 
Trades Directory will be pub- 
lished at the end of this month, and that by ordering 
their copies before the 18th inst. they will save very 
considerably in the price. Every electrical man is 
familiar with ** The Blue Book," which has for many 
years been looked upon as indispensable in business 
houses, and there is no need here to say anything 
further than that. The publishers promise additional 
useful features with their new issue, and an absolutely 
up-to-date reference directory of the electrical and 
allied industries. 

Owing to the continued increase in their business, 
Messrs. Pritchetts & Gold, Ltd., have removed 
their Sales Department to larger premises at 59, 
Victoria Street, S. W., and all orders and corre- 
spondence with reference to that Department should 
now be sent to that address. Тһе telegraphic 
address and telephone numbers remain unaltered. 
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PROGRESS IN PHOTO-TELEGRAPHY. 
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ARIOUS attempts have been made to 
transmit photographs by electricity, 
some of them dating back to nearly a 
score of years ago, and although the results 
have been only of a more or less experi- 
mental nature up to last year, the method 
of Prof. A. Korn, of Munich, is now in 
commercial use at London, Paris, Berlin, 
Stockholm, and Copenhagen, and photo- 
graphs are frequently telegraphed between 
these cities. Moreover, New York, Chicago, 
and other cities are now about to com- 
mence photo-telegraphic trials, and it there- 
fore seems that an article dealing with the 
present state of photo-telegraphy will be oppor- 
tune and of considerable interest and im- 
portance. Since November, 1907, the writer 
has carried out very numerous experiments 
between London and Paris at the installation 
of the Daily Mirror, from which much 
valuable information has been gathered, 
more especially as the submarine cable has 
caused many difficulties which provide useful 
experience for the future. An experiment 
was until recently carried out almost daily 
between the offices of the Dailiy Mirror, 
London, and Z'///ustratron, Paris, pictures 
being received by the former paper for 
publication purposes. The fire at the Paris 
Telephone Exchange put a temporary stop 
to these experiments. 
The house of Scherl, in Berlin, has also a 
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complete installation of Prof. Korn's ap- 
paratus, where, under the able management 
of Dr. Glatzel, much interesting work is 
carried out. Other methods of transmitting 
photographs by electricity are being experi- 
mented with by various persons, notably 
M. Belin* and M. Berjonneau,f whilst 
Charbonelle, Knudsen, and many others 
have also methods in an experimental stage 
which each hopes ultimately to develop. 

At present the method of Prof. Korn is 
the only one which has stood the proof 
of practical commercial tests, and to him 
must be given the full credit and honour. 
The Korn transmitting instrument consists 
of a glass cylinder CC, on which is fixed a 
photographic film transparency, revolved by 
an axis A, which rises as it turns, so that 
different consecutive portions of the picture 
intercept at successive instants a beam of 
light which has its focus at F, a Nernst 
lamp, N,, being used, run from accumulators. 
The hght which penetrates the film is 
reflected by a 45° prism P on to a selenium 
cell Se, so that the latter is illuminated each 
instant in proportion to the opacity of the 
photograph. Тһе resistance of the selenium 
is about 50 per cent. less when fully illu- 
minated, and varies with the intensity of 
illumination, so that by sending an electric 


* See ELECTRICAL MAGAZINE, November, 1907. 
t See ELECTRICAL MAGAZINE, January, 1908. 
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current through the cell to the recciving 
station the latter receives a current varying 
proportionately to the opacity of the photo- 
graph being transmitted. Тһе received 
current is utilised to produce a lateral 
displacement of two fine silver wires 
placed in the field of a fairly powerful 
magnet, which is excited with ramp. at 
110 volts, and the magnet poles are bored 
with a circular tunnel through which a beam 
of light from the lamp N, is directed. In 
the path of the beam there is attached to 
the “strings” a small rectangular piece of 
magnesium foil X, a shadow of which is cast 
by a lens system on a diaphragm having a 
triangular aperture T; the light passing 
through this aperture is concentrated by a 
lens upon the receiving film R, so that a real 
image of the triangle falls on the sensitive 
film. This film, attached to a drum, is 
revolved synchronously with the cylinder 
of the transmitting machine, and as the 
shadow of the foil in the galvanometer shifts 
so as to allow the light to pass through the 
triangular aperture in a measure proportional 
to the opacity of that portion of the film 
being transmitted, the light falling on the 
receiving film as it rotates is such as to give 
a reproduction of the original. 

Such is the theory of the transmission 
in the simplest and briefest form. 

Certain complications are met with, how- 
ever. In the first place, the change in the 
resistance of selenium does not follow the 
change in intensity of the illumination with 
sufficient rapidity. The change is not by 
any means dead-beat, a very considerable lag 
being experienced. This lag is overcome 


to a great extent by the ingenious com- 
pensation method which forms the basis 
of Prof. Korn’s patent. In the sending 
machine, the galvanometer used for receiving 
is brought into requisition, being connected 
as a shunt on the line, and its movement 
thus corresponds with that obtained at the 
receiving station. But the light beam emer- 
gent from the field magnet boring is now re- 
flected by a prism downwards upon a second 
selenium cell, the compensator. This has a 
high inertia and low resistance, the principal 
cell having a low inertia and high resistance 
(about 250,0000). Then, if e be the electro- 
motive force of the battery, с the constant 
of the galvanometer, and ze, and w, the re- 
sistances of the main selenium cell and 
compensating selenium cell respectively, the 
movement (a) of the magnesium foil in the 
galvanometer is approximately obtained 
from the equation :— 


I I 
Пен ТЕ Re c 


Since the displacement of the strings in 
the galvanometer is thus proportional within 
tolerably narrow limits to the difference 
between the reciprocals of the resistances 
of the two selenium cells, and thus to 
the difference between the current flowing 
through each, it is desirable that the effect 
of the illumination be as similar as possible 
in both the cells. Thus suppose in Fig. 2 
that a and 2 are the two curves showing 
the relation between the increase of illu- 
mination and change in resistance: a will 
be that of the compensating cell, and д 
that of the principal cell, whose inertia is 
exceedingly small. After a certain increase 


—y-— 
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in the illumination from zero (where the 
axes of ordinates and abscissæ meet), the 
curves become nearly parallel with suitably 
chosen cells. Thus by making use of 
those parts of the curves to the right of 
the vertical line PQ, the quantity LK 

wy w, 
becomes fairly proportional to the increase 
in intensity of illuniination. 

Cells have to be chosen whose estimated 
curves are, beyond a certain limit, as nearly 
parallel as possible, whilst the conditions 
have to be chosen so that the parallel 
portions of the curves are made use of 
beyond this limit. 

There is no doubt that much remains 
to be done regarding the construction of 
more sensitive cells, and the choice of 
better physical conditions for their em- 
ployment. The lag which is observed in 
the return of the cell to its “dark” con- 
ditions, when the illumination is suddenly 
extinguished after its having been illuminated, 
might vary with different regions of the 
spectrum, &c. The relative sensitiveness 
of a cell experimented with by the author 
to light of different wave-lengths was :— 


T qe C RENE Sie ЕРИНИ 


| Current 
Band of spectrum used. Current, when not 

| illuminated. 
a S el - ams 
Blue Violet 380u—470u 10.21 milliampere f 
Green  .. | 4704.— 58014 0.22 Ys | t. 
Yellow .. | 4504. —end of red 0.26 I.I 
Orange .. | 57ou—end of red 0.26 Fs | I.I 
Red 2. -. | бтой—епа of red 0.25 T | I.I 


REM AMD c ыссы қы POR сул. 


The chemico-physical side of the question 
has unfortunately been somewhat neg lected 
up to the present, and much work remains 
to be done in the direction of the manu- 
facture of the cells. It is not at all likely 
that we have as yet got the most sensitive 
type of selenium cell producible. Accord- 
ing to Ruhmer, it is possible to make cells 
particularly sensitive to rays of the longer 
wave-lengths by special means, and by pro- 
ducing a new and more sensitive type of 
cell and selecting the most suitable region 
of the spectrum for its illumination it is 
possible that further advance may be made. 
The writer has thus indicated some of the 
lines upon which future improvements may 
be worked out, but, although much research | 
is now being carried out, it is too early to 
enter further into the matter. 

In conclusion, it will be interesting to 
indicate, by means of actual photographs 
transmitted from Paris to London, some of 
the defects produced by the various phases 
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of the telephone lines. It should be said, in 
the first place, that as the maximum current 
transmitted to the receiving galvanometer is 
about 1 milliampere, the telephone lines 
connecting the two instruments must be 
completely isolated, and that the least 
leakage will be severely felt. The usual 
voltage through the line is 130 to 150. 
As regards disturbances on the telephone 
line, that most frequently experienced 
appears to be due to the Baudot telegraphic 
system at work, when regular surgings can 
be heard on the line. А series of parallel 
bands, at regular intervals, of various shapes 
appears in the photographs, and these 
correspond with the number of noises heard 
in the telephone. An instance of such a 
picture is seen in Fig. 3, where the peculiar 
shape and character of the bands are seen. 
These bands, if very accentuated, entirely 
ruin the value of the photograph, and are, 
of course, caused by regular intermittent 
induced fluctuations of the current, which 


cause displacement of the silver wires in the 


galvanometer, with a corresponding move- 
ment of the shadow shutter. 

Influences from the Morse telegraphic 
system can also be seen in the next illus- 
tration, which shows the effect of induction 
from a “ Могѕе message.” Considerable 
oscillation is found in the galvanometer on 
such occasions, and occasionally both Morse 
and Baudot markings are simultaneously 
produced. The oscillations from the former 
inductions are so violent sometimes that 
the wires are broken, and in consequence it 
is of little use attempting any transmission 
when such is the case. Curiously enough, 
also, the weather appears to have little 
influence in this direction, the condition of 
the *line" being perfect sometimes in an 
extremely wet time, and very bad in perfectly 
dry weather. 

Leakage is, of course, a serious defect, 
as the current is so small. It is, however, 
possible to effect a transmission when the 
receiver only obtains o.3 or o.4 milliampere. 

Capacity also affects the working of the 
machines, since in order to synchronise 
them it is necessary once in every revolu- 
tion to switch out the “line” current from 
the galvanometer and to switch it into the 
relay which releases the receiving drum. 
The latter travels a little faster than the 
sending drum, and is stopped short when 
it has completed a revolution, the motor 
working temporarily against a friction clutch. 
A strong relay current is then sent to the 
receiver, which works the relay, and the 
latter, by a local battery, works a release, 
so that both the cylinders or drums com- 
mence their new revolution in unison. 

In the various attempts now being made 
to transmit line drawings and photographs 
by a make-and-break contact the telephone 
line will be dispensed with, and a telegraph 
line and earth return be used. Here special 
arrangements are made to overcome any 
capacity effect, and these will be described 
in connection with the general apparatus, 
in a future article. 

T. THORNE BAKER. 
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м 1897 Jackson of Pennsylvania came 
to the conclusion, from a series of 
tests, that electricity for use in 

cooking was five times as dear as coal 
gas. It is the object of this article to 
show that the ratio of the cost of electri- 
city to the cost of gas for cooking and 
heating is now very low, and though still 


greater than unity in some cases, yet 
taking into account all the increased 
efficiency, cleanliness, and convenience 


offered by electricity the latter is superior 
to gas in all phases of domestic service. 
Since coal and oil play such important 
parts in domestic heating it is proposed 
to rather strain the original scope of this 
series of articles by including some com- 
parisons between coal, coke, gas, oil, and 
electricity. Though electricity may, at 
first sight, appear to be very dear, the 
writer believes that it will be acknowledged 
that the apparatus for its utilisation has 
now been brought to such perfection that 
on the whole electrical energy is superior 
to other heat agencies. As is shown 
later, it only rests with the manufacturers of 
electric stoves, &c., to vastly extend the 
use of such apparatus by turning out a 
cheaper and more substantially built line 
of goods. 

In the present article the subject of 
domestic heating and cooking is alone 
dealt with, the problems of industrial 
heating being much more complex and 
being governed by such diverse factors as 
to require quite separate treatment. 

In the first place some relations must 


be obtained between the values for 


In Domestic Heating and Cooking Service. 


heating purposes of 11. of coal or coke, 
IC.ft. of coal gas, 1lb. steam (under given 
conditions as to temperature and pressure), 
Ilb. water (at a stated temperature), 1 pint 
of oil and 1 b.o.t. unit of electricity. 
In Table I. such relationships are expressed 
and enable data relating to one form of 
energy to be readily converted into the 
corresponding data relating to any other 
form of energy. It will be seen that in 
this table theoretical equivalents are first 
given (7.e., the equivalents assuming тоо per 
cent. efficiency of conversion from one form 
to any other), and appended are a set of 
equivalents assuming such efficiencies for 
the various processes of conversion of 
different forms of energy to available heat 
as are likely to occur in domestic practice. 
The applications of each set of figures 
will be obvious. 

The data appended to Table I. (in foot- 
note) regarding the possible performances of 
central stations is of use when considering 
such a case as: “Instead of burning x lb. 
of coal in our grate we may use у b.o.t. units 
of electrical energy, which require z lb. of 
coal for their generation at the central 
station." "The data given includes gas plant 
to a certain extent, but the performance of 
the latter depends so vastly on the exact gas 


analysis and on the size of units installed 
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that typical data are of little value. As 
relating to coal and the volume of coal gas 
obtainable from it, it may be noted that in 
the case of Manchester the mean cubic 
feet gas per lb. of coal distilled is 4.9c.ft., 
this being quite a representative result. 
Taking coal, coke, gas, &c., at the rates 
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TABLE 1.—TABLES SHOWING THEORETICAL AND PRACTICAL EQUIVALENTS OF VARIOUS FUELS 
AND FORMS OF ENERGY (OF USE WHEN ESTIMATING COAL AND GAS EQUIVALENT OF 1B.T.U. ёс.) 


и m й | 
Value 
| in E Elec- | 
British Ей. ' tricit 
Thermal | С” B.T.U 
Units 16065 
| | 
NON АА NECS eee иуи сол rU erras " 
1B.1.U. Electricity .. 3410 к 1.00 
т 
. mb. Steamt .. .. | 1161 vo 2.94 | 
4 35 
5 ilb. Watert .. .. .. 100 5.2 34.10 
E - 
- 1lb. Coal .. 14,000 S 8 | 0.245 
© “= 
= | ilb. Charcoal.. .. 14,500 528 0.235 
Ф 
z | 1c.ft. Coal Gas бо | 85 5.25 
tb. Oil | .. 19,500 * 0.175 | 
| 
1B.T.U. Electricity— 
| Radiator 3240 #957. 1.00 
| 
Convector 3340 987 100 ' 
ilb. Steamt | 465 | 40 16.98 7.20 
3 ! llb. Water] .. . . | 60 60 |54.0 55.8. 
Б ПЫ. Coal.. .. .. ..| 2800 Ф20 | 1.16 149 | 
« 
K ПЬ. Charcoal .. .. ... 5080 35 0.64 0.66 
* | 1c.ft. Coal Gas with flue 195 30 | 16.6 РЕ 
A » without flue | $50 ^. 85 5.9. d 
! і 
rlb. Oil .. | 16,550 | 85 о.1960.202 
, B. Th. U. | 
. available | 
as desired. | 


* The efficiencies assumed in this section are suitable for domestic apparatus, grates, &c. 


EQUIVALENT TO 


sin Eom dh Б | дь 
t H coal. Gas i 

7 == Л 
0.34 0.029 | 4.09 4.25 | 0.19 5.71 
1.00 0.087 | 12.00 12.55 | 0.56 16.80 
11.60 1.00 139.0 145.0 6.50 195.0 
0.084 0.0072 1.00 1.04 0.047 1.40 
0.080 0.0069 0.96 1.00 0.045 1.34 
1.79 0.154 21.50 22.4 | I.00 30.00 
0.060 0.0051 0.74 0.745 | 0.033 1.00 

uel eel uem е z 

0.144 0.0185 0.861 1.56 .060 | .170 5.10 
0.139 0.0180 0.840 1.52 .058 | .164| 4.95 
1.00 0.129 | 6.00 10.9 о.42 | 1.18 | 35.60 
7.76 1.00 46.5 84.5 ЕС 9.15 | 275.0 
0.167 0.022 1.00 1.82 0.07 | .197| 5.91 
0.092 0.0118 0.551 1.00 | 039 | .108 3.27 
2.38 0.308 14.30 26.0 | 1.00 84.8 
0.848 0.112 5.10 9.20 | 1.00 30.1 
0.028 0.0036 0.169 0.30 Ее 033 1.00 

| 

| 


For other applications other 


efficiences would be necessary, as shown later. Thus, considering central station efficiencies, with the following plant the 


results shown obtain :— 


Suction Gas Plant 13]b. coal per B. T.U. (Guaranteed). 


ve 9 , 


(by another maker) 2.8lb. coal per B. T.U. (Guaranteed). 


Berlin generating station (steam) 2.38lb. coal per B. T.U. (average for one year). 


t Taken dry and saturated at 260deg. Е. (i.e., at 20lb. per square inch pressure). 


1 Taken at rsodeg. E. and the sensible heat reckoned from sodeg. F. 


| Sp. gr. about 0.825. 


$ These efficiencies refer to electric heaters, steam and water boilers (domestic), coa! grates and charcoal, gas, and oil 


stoves respectively. 


4 This efficiency is higher than obtainable in most grates, 


indicated, the cost of available heat per 1000 
British Thermal Units is as in Table II., the 
two sections again corresponding to тоо per 
cent. efficiency of conversion and average 
domestic efficiencies respectively. These 
figures, even assuming it possible to consider 
correct typical efficiencies, must not be 
accepted as yielding any final conclusion, 
since the relative costs of installation and 


value of convenience and cleanliness must 
be allowed for. 

Water and steam heating are included in 
the subsequent comparison, though the 
volume of space to be heated is usually 
insufficient to warrant the very high initial 
cost of these systems. This being so, their 
greatest application is in industrial heating 
as later. 
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TABLE II. (BASED ON TABLE I.).—COST OF HEAT PER 1000B, T. U. BY VARIOUS METHODS. 


Assuming 100 per cent. efficiency of conversion. 


Assuming suitable domestic efficiencies of conversion, 


* In this row good quality commercial fuel oil (¢.g. ** Astatki "Уі referred to. 
of oil is difficult, dangerous, and costly. 


Form of Energy. 


Electrical. 


Steam Heating (coal-fired) 


Water Heating (coal-fired) 


Coal. 


Charcoal. 


Coal Gas. 


Oil * 


Electrical (96.5 per cent. 
mean etbciency). t 


Steam Heating (coal-hred). 


Water Heating (coal-fired). 


Coal. 


Charcoal. 


Coal Gas (57.5 per cent. 
mean efhciency). 1 


Ой” 


| 


Rate per Unit of Energy. 


4007 — 


ж”- у 


0.75d. рег b.t.u. 
1.оо4. ,, rf 
1.50d. ,, " 
10/- per ton. 
17.S|-. э 
25|- «^. » 
IO- , ж 
17.5]- ». w 
25/- yy 
10]- nn p 
17.5- . ж 
25/- a {o 

16,- рег cwt. 
2/- per 1000c.ft, 
3l- ^» 5 € 
оз eo 
70/- per ton. 


100/- ” ” 


o.75d. per b.o.t.u. 


100d. ,, 
1.508. ,, 
10/- per ton. 
17/6 m n 


25/- . „ 


156. . 
25/9. n а 
IO0/- , , 
17/6 e 
25- ow 
16/- per cwt. 


2/- per 1oooc ft. 


3l- (X) ” 
4/- ” ” 
70/- per ton 


9 


See Table I., showing actual efficiencies under various conditions. 


Relative Costs with 
Electricity at 1d. per 
unit as Standard. 


Pence Cost per 1000 
Brit. Therm. Units. 


0.220 0.75 
0.293 1,00 
0.440 1.50 
0.046 0.157 
0.081 0.276 
0.116 0. 395 
0.540 1.840 
0.940 3.200 
1.240 | 4.240 
0.00384 | 0.0131 
0.0067 | 0.0228 
0.0096 | 0.0327 
0.118 О. 402 
0.037 0.126 
0.055 | 0. 188 
0.074 0.252 
0.0193 0.0658 
0.0275 0.094 
0.227 o 750 
0.303 1.000 
n | 1.500 
0.116 | о. 383 
0.202 | 0.668 
0.289 | 0.952 
dido | 2.950 
1.565 5.180 
2.240 7-390 
0.0192 | 0.0632 
0.0335 | 0.1105 
0.0480 | 0.1580 
0.337 | 1.115 
о.об4з | 0.213 
0.096 | 0.317 
0.1285 | 0.425 
0.0227 0.075 
0.0324 | 0.1065 


The carriage and handling of large quantities 
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CONSUMPTION PER HOUR 
at capacities of (in thousands of c.ft.). 
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TABLE III.-EFFICIENC 


VOLUME OCCUPIED BY HEATER (C.F 
at capacities of (in thousands of с. 


Type or HEATER. 


| | | 
I.0 2.0 | 3.0 4.0 5.0 | 10.0 | о | 1.0 2.0 3-0 4-- 
бап тәме RNC NEN Mu: 
VOR SCENE | | 
Electric Radiator.. 1.0 2.0 2.75 | 3.5 425 | 75  B.TU] 0.63 0.89 | 1.66 Use con 
Electric Convector 1.0 1.75 2.15 i 2.85 3-5 «5  B.T.U. — 0.90 2.39 3-3 3.8 
| Boiler data L = — — 
Steam (Coal-fired) Not applicable IO Ib | 
Radiator data 3.0 4.25 5.2 
Steam (Gas-fired) .. 8 14 16 | 24 26 50 c. ft. — 1.7 2.09 2.5 , 20 
Boiler data 2.5 ^ 3.0 3.4 so , th — 50 $.03 16 22 : 
Hot Water (Coal-fired)* .. .. { | i 
Radiator data — | — — — | — I.0 1.2 2.6 4.0 6.4 
Coal .. 2.0 3.0 | 4.0 9 15 20 Ib 6.6 8.2 10.5 Use sever 
Using 2 or more grates 
Charcoal .. .. .. .. .. eof — .125 .25 .375 ^ .438 50 - Ib — 0.59 | 1.76 2.4 3-4 : 
Gas (with fluest .. .. .. .. 14 17 26 30 35 42 75 | c. ft. — 1.4 3.0 4.6 67 € 
Gas (without flues)  .. .. .. 16 20 | 30 35 | 41 49 88 | c. ft. -- 3.3 5.0 6.6 729 9 
Oil Stoves o.6 0.76 1.0 I.3 1.6 I.9 3.5 pts. 0.7 | 1.3 2.6 3.4 4.0 4 
Centra! Coal Stoves .. Not advisable | ro | 1.25 1.5 20 | 0.9 1.0 I.I 1.15 1 


Gas Radiator? .. Rather higher 


than ordinary gas stoves — 


* Not suitable if less than 70ooc.ft. is to be heated. 
include the space occupied by the piping. 


In the case of hot water and steam heating the volume data do not 


t Gasat 2in. water pressure. 


1 These comprising gas stoves in which air is sucked over heated metal ribs. 
| In the case of coal grates it is very difficult to attach any exact volume to the whole. 


$ These weights are only approximate : the weight of the | 


It will be seen that electric heating, 
being the result of the double transfer- 
ence of heat to electrical energy at the 
central station and electrical to heat 
energy in the consumers rooms, can 
only be cheaper than direct heating of 
the latter by coal if the efficiency of the 
double conversion is higher than that of the 
single conversion in the domestic grate. 
Now the efficiency with which coal is burnt 
in a modern boiler is far greater than the 
efficiency with which it could be burnt in 
any domestic grate, and the excess efficiency 
may well more than compensate for the 
losses in generation, transmission, and re- 
conversion of electrical energy in domestic 
units. This will be more especially so in 
gas-driven stations where the performance of 
that most inefficient link in the otherwise 
usually existing chain—the steam engine—is 
greatly improved. 


amps is negligible, only that of the framework being appreciable. 


Thus it is now quite within the range of 
possibility that electrical energy will actually 
be cheaper than coal for domestic uses even 
in fuel cost alone, owing to the greater 
efficiency of the central burning of fuel. It 
will be apparent later that in many industrial 
processes similar conditions arise, coal can 
be burnt in central boiler furnaces, and 
thence electrical energy obtained, which may 
be utilised much more efficiently at the 
point required (whether by heating resist- 
ances or by an arc) than any coal, gas or oil 
furnace, as to more than compensate for all 
losses in the double conversion of energy 
now necessary. 

It is clearly logical that steam and hot 
water heating should be included in these 
comparisons, since there again we may have 
central coal burning; and, moreover, we now 
avoid the losses in the steam engine, 
generator transmission lines, and electric 
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ВЕ DESIGN DATA. ROOM HEATERS. 


10.0 


19 
grates | 
| 11.4 
11.4 
14.0 
6.2 


— 


| 
| 21 
| 


| 
| 


WEIGHT, LB. © 
at capacities of (in thousands of c.ft.). 


1.0 | 2.0 10.0 
20 30 | Use convectors 
25 | 3o | 33 35 ^' 40 vera 
= = = | =. 60 Воо 
170 340 | 540 720 900 1550 
120 300 | 500 590 | 660 1000 
200 | 370 | 500 | боо | 670 1000 
240 560 1 750 | 1000 |1200 | 2200 
6o 180 Use several grates 
35 65 94 118 

25%030 55 | 80 | 108 
50 85 112 140 
62 бо | 104 128 
140 150 | 164 | 175 

PEE 


Volume (c.ft.) per 
1000с ft. heating capacit 
at capacities of 
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Weight (1Ь.) рег 1oooc.ft.] Installation cost (pence) 
capacity at per roooc.ft. capacity 
capacities of at capacities of 


About 20/- per roooc.ft. 
warme 


eft. | eft | af. | aft. | eft. | efe 
| 
20 15 540 — — 
25 1 15 8 [| 540 435 336 
( at 5,000c.ft. 120lb. | 
at 10,000c.ft. 8olb. — — Total 
170 170 180 -- 1 -- 456 
120 150 | 132 720 | $15 312 
200 185 | 134 —  ^* Total 
240 280 240 - | қ” 624 
бо 90 — 600 | 480 S 
35 32.5 27 300 | 270 264 
25t0 30, 27.5 26 408 | 300 209 
5o 42.5 32 720 | 570 | 408 
55 40 74 420 360 312 
140 75 | go 480 240 228 
| 


«| Grates assumed empty in the case of coal stoves: water radiators, &c., assumed full. 

** At 10,000c.ft. capacity the total cost per roooc. ft. capacity —486d. 

N.B. In the three last main columns of the table any discontinuities, &c., are due to the inherent differences of design of 
heating units of different capacities. Owing to this difficulty and to the many makes of apparatus on the market, the 
above table must be considered as giving the order and average value of the various magnitudes. 


heaters, which are inevitable when using the 
latter. One would expect, therefore, that 
steam heating would be much cheaper than 
electric or coal heating, and though this is so 
as regards fuel costs (see Table II.), yet the 
heavy labour of attendance and depreciation 
costs greatly increase the gross cost per 
1000 hours of heating, and leave the gross 
steam cost some со per cent. higher than the 
gross electrical cost, while the former method 
is much less convenient than the latter. 
Owing to these heavy labour and deprecia- 
tion charges it is the independent gas-heated 
steam radiator that shows up best on the 
whole, for though its fuel charge is heavier, 
the cost of labour and depreciation are 
much less. 

Before entering on the detailed systematic 
comparison of the sources mentioned, it will 
be well to state clearly the three methods by 
which heat may be transferred from one 


body to another. This is a purely physical 
point, but one which bears very largely 
on the relative suitability of various heaters 
for various situations. 

Heat may be transferred from a body A 
at any temperature to a body B at a 
lower temperature by (1) conduction, (2) 
convection, (3) radiation. 

In conduction, bodies A, B are either in 
mechanical contact themselves or are con- 
nected by a heat conducting medium—they 
must be thermally connected. In this case 
a layer of particles next to A is heated 
by contact with A, and this layer then heats 
the next and so on, the heat transference 
consisting of a transference from particle to 
particle right through the connecting 
material. To enable this, there must be a 
temperature gradient (/.е., a fall of tempera- 
ture from A to B, which follows a steady 
law of decrease, as shown by Inginhaus' 
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experiments). The rate of heat transference 
by conduction depends on the steepness 
of the above thermal gradient and on the 
conductivity of the thermal connecting 
medium. In the present series of con- 
siderations we meet with conductivity when 
considering the transference of heat from 
the furnace to the water in a boiler, and 
thence through the metal of the distributing 
pipes to the outer layer of metal from which 
it is dissipated by convection and radiation. 

Convection consists in the transference 
of heat from the body at the higher tempera- 
ture by the heating of the particles of a 
liquid or gas in contact with it by conduction 
in the first place. In consequence of their 
raised temperature the density of these 
particles decreases, and they therefore rise, 
being replaced by denser, cooler particles, 
which in turn abstract heat by conduction, 
'and rising, give place to yet another set of 
cool particles, and so on. This process 
of heat abstraction by a rising stream of 
particles is termed convection, and is met 
with in practice in the heating of rooms 
by stacks of steam pipes or by electric 
convectors, the rising particles here being of 
air, while in water boilers, &c., the rising 
particles are of water. 

Radtation.—In this method of heating, 
heat is emitted—vradiated—from the hot 
body in every direction, and heats those 
bodies on which it falls without appreciably 
heating the intervening medium at all. It 
is by radiation that we receive the warmth 
of the sun; the intermediate go x тоб miles 
of space is not appreciably warmed by the 
passage of the heat waves, but directly these 
waves encounter solid material, such as 
our bodies, the earth, &c., the temperature 
of the material is raised. 

The object of the above apparent 
digression will be obvious when it is 
remembered that kettles, &c., are heated by 
conduction and convection ; ovens, and in 
some cases rooms, by convection ; while other 
types of ovens and methods of room heating 
utilise radiation. The particular applications 
of these various systems is dealt with later. 


Even in such a small branch of the science 
of electrical engineering as that of domestic 
heating there are so many different applica- 
tions and principles to be regarded that a 
scheme of subdivision is essential before 
further progress can be made. 

The three main headings under which 
domestic heating may be classified are :— 

I. Room heating, including the special 
cases of cupboard or hot chamber heating. 

2. Cooking and food heating. 

3. Water heating, this presenting different 
features to (2), since the temperature range 
is definitely fixed and the weight of material 
to be heated is usually greater than in cook- 
ing operations. Moreover the water is con- 
tained in a vessel so that it is in direct 
thermal contact with the heating elements, 
whereas in ovens hot air is the actual heating 
agent affecting the articles to be cooked. 

Treating the above main sections in turn 
we may deal in each with the following 
points for coal, coke, steam, gas, oil, and 
electrical energy :— 

(а) Znducements offered to the use of each 
source of energy—as offered by the vendors 
of each. 

(6) Essentials of the apparatus used in 
each application—merely stated now; how 
each fulfils these requirements will be 
apparent as the comparison proceeds, 
results being summarised at the end of the 
article. 

(с) Cost of installing apparatus and acces- 
sories for the consumption of each form cf 
energy. 

(d) Cost of building, including chimneys, 
coal, store-houses, &c. 

(e) Cost of use of each form of energy; 
including the cost of various fuels, the cost 
of repairs and renewals, the life of various 
parts of the equipment, and the actual 
efficiencies obtainable as well as the con- 
ditions leading to higher efficiency. 

(/) General points, including the follow- 
ing :— Temperatures attainable with each 
form of heating, effect of the temperature 
required on efficiency, the temperature most 
desirable, and so on. Also the weight and 
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volume per unit effect, expressed in British 
thermal units and рег roooc.ft. heating 
Capacity, are treated, these coefficients being 
excessive in some types of heaters. 

(g) Placing of various types of heaters. 
Points to be noted in various applications, 
length and design of inlet and outlet ducts, &c. 

(2) General advantages of each system 
and particular conveniences and risks. 
Points affecting the decision to install a 
certain system in any particular instance. 
Comparison of appearances. 

() Distinctive applications of each—as 
influenced by the nature of the work to be 
done, locality, nature of surroundings, and 
exact requirements to be fulfilled. 

(7) Health conditions and indirect costs. 

These sections are in many instances the 
same as those adopted in the articles on 
lighting already published, and this is 
evidently logical since the difference between 
heat and light emanations is merely one of 
degree—a difference merely of temperature 
of the source. 

Sub-section (2) may be treated for all the 
main sections 1, 2, and 3 simultaneously, 
but in sub-sections (6) to (7) it will be 
clearest to take each division in its relation 
to room heating, cooking, and water heating 
in turn, finally collecting such points as are of 
general application in the concluding sum- 
mary. Having set out thelines along which 
the comparisons are proposed we may pro- 
ceed to treat each item in turn :— 

Inducements. — These inducements are 
practically restricted to the use of electricity, 
and, being much the same as those indicated 
fully in the lighting articles, need only be 
briefly stated. As before, we will neglect 
such spurious inducements as free stoves, 
&c., since the consumer has ultimately to 
pay for them in one form or another. At 
the same time it must not be ignored that 
the possibilities now offered of hiring electric 
stoves on the same terms as gas stoves are 
doing much towards extending the use of 
the former. The great inducement to the 
use of electrical energy, however, lies in 
much reduced rates charged, when this 


energy is required for heating or cooking 
purposes. As shown by Tables I. and Il., 
this cheap rate coupled with the high 
efficiency of electrical apparatus brings the 
cost of use per тооо British thermal units 
available down to a figure favourably com- 
parable with the cost of gas and coal. (See 
also Tables XIII. and XIV.) 

Whereas the charge for “lighting” energy 
averages 3d. per unit (this average being 
that of a very large number of districts), the 
heating rate is jd. to та. per unit in the 
majority of cases, seldom exceeding the 
latter figure, while there is every reason to 
anticipate that 2d. will soon be the general 
rate. In many instances the heating rates 
are cut so low as to equal, if not be less than, 
the cost of their production, the reason for 
this apparent generosity on the part of the 
central station lying in the anxiety of the 
engineers to improve their load factor by the 
introduction of constant loads. Though this 
at present is a further inducement to the use 
of electrical energy, the policy cannot be 
regarded as a stable one, nor as one to be 
commended from the point of view of sound 
finance. 

As in the case of lighting, a consumer can 
obtain further reduced rates if he can con- 
trive to confine his heating to certain “ slack ” 
hours of the station. 

No such facilities for cheapening the 
supply are offered by gas authorities, and, 
of course, in the case of steam heating this 
section has no significance. With oil, coal, 
and coke the only means of cheapening their 
use that could be termed an inducement, lie 
in the wholesale purchase of these fuels. Now 
the retail prices and the reduction allowed 
for wholesale quantities vary widely with the 
district, but since, where coal is cheap, 
electrical energy can also be generated 
cheaply, it will be fair to assume average 
prices for both coal and electricity, this 
average being taken for a number of towns 
neither directly in the coal areas nor 
remotely removed from them. 

Much of the economy resulting from the 
wholesale purchase of coal and coke is offset 


The ELECTRICAL MAGAZINE. (Electricity v. Gas for Heating, &c.) 


BUILDING.} 


i lectrici 
ТҮРЕ ОР HEATER. Saving by Electricity оп 


| Hot Fuel 
‚ Houses, 
Chimneys а stores, 
. с. 


| 
| 
| 
Electric Radiator .. | 


Electric Convector 


See letterpress : similar 


Steam (coal-fired) .. tool 


Independent Gas-steam units — | = 


| 


Hot Water (coal-fired) .. · .. See letterpress: similar 


to coal 

£30 to — | £5 to 
Coat 4 401 £10 § 
Charcoal — — -— 
Gas (with flues) — -- — 
Gas (without flues).. — — | — 

| 
Oil 2. = WA 
Central Slow-combustion Similar 8 | Similar 
Coal Stove ENT to coal £8 15 


| to coal 


* No piping is included in these estimates. 
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TABLE IV.—COST OF INSTALLATION-— 


GENERATOR OR BoiLERS, &c.® 


Heating Capacity 1000's cubic feet. 


| 
5 7 9 | 10 15t | 20t | бой) 7ot | 1504 0.25 
йа ЖК У 
| i 
£ £ £I £ £ £ £ £ £ | £ 5.4. 
дыз 08 Е: | 429 ET = = = As o 18 
| | = 
| | 
| | I O 
ap ge = = 222 S "E 
| | | 
— | — ! 10 | 12 | 17 88 E 
| | = 
r = a med б г ез 
| | B 
5 7 8 m 
| 
| 
| 


uM 


MEN 


түне өл kk 


$ Rising to £30 to £50 in large establishments. 


t These sizes really come under the Industrial section and are dealt with more fully there. 
1 These costs are estimated for a villa costing about f 1000 to erect. 
| Allowing for overmantles, &c., this would amount to £60 to £70. 


by the cost and inconvenience of storing 
large quantities, while this objection is even 
more applicable in the case of oils, a fire- 
proof underground storage pit having to be 
provided for their storage as a rule if in. 
surance of surrounding property from fire is 
desired. 

Essential requirements of heating agencies 
for services (1), (2), (3). 

Though these requirements are termed 
"essential," “ideal” would perhaps be 
a better term, since few heating equip- 
ments can lay claim to the fulfilment of 
more than a few of them. Electricity, 
however, affords the closest approximation 
to their complete satisfaction. In all three 
sections the source should be as cheap as 


possible, both in prime and operating costs, 
the latter including repairs. The amount 
of accessory apparatus should be as small 
as possible. The source should be 
“clean,” making a minimum of dirt 
during operation and producing no fumes 
or noxious gases. The source of heat 
should be capable of easy and exact 
temperature regulation over a wide range, 
and, once adjusted, should remain constant 
in its effects till intentionally varied. The 
heating effected should be equable and not 
locally intense, except in certain special 
requirements referred to later. During 
operation the attention required for stoking, 
&c., should be a minimum. 

In general the space occupied by the 


=> - - 


ROOM HEATERS. 


0.75 | 1.00 
| 
£s d. | fs.d 
2 о OQ 2 S 
зоо 210 о 
, 2°0 о 2 5 о 
«i 
. 015 о тоо 
. — о о 
300 
1 8 9 200 
200 210 O 
23 9 о 400 
— | 1 5 О 
І 
1 30 , — 
— | 300 
115 О 
— D*2 10 O 
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RADIATORS, CONVECTORS, STOVES, &c. 


Heating Capacity in Thousands of Cubic Feet. 


Not advisable 
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REMARKS 


ong d 2 | 3 4 | 5 7 10 
ZEE г эз... ТЕ 
£s 4 { 5. а | f s.d £ s.d | f£ s.d f s.d f£ s.d 
зто о __ = = | Е = = Above 1500¢. ft. prefer- 
to 5 10 O pu zi tes | uem = = Decorative] ably use convectors. 
9 IO O 
219 0 312 6 | 4150 .6 оо | 7 оо = = ron sube bet 
^ i = ee E ET = 55% of smaller units. 
117 O 1 12 О 2 50 2 16 0 3150 5.50 Plain 
— p*5 ОО — -- — — D'£20 Dec. = 
315 О mn 5 40 6 oo 6 10 0 7 16 0 9 100 Plain 
= = | = ы» == — m Dec. — 
215 о 317 о | 5100 7170 8 120 9 10 0 Plain 
— 6 00 — — | — | 15 ОО Dec. — 
300 400 А Plain Heating capacity of 
5 оо! боо Use several smaller units Dee: rates is very in- 
| рр eterininate. 
— 2 50 | 3100 — $10 о - | — Plain 
= | = р*їт о o = = — - Dec. Extremely unhealthy 
250 — | 215 о 310 0 470 515 О 710 Plain ET 
D*$ о о | — (PDS I5 O — l — — — Dec. 
400, 415 0 6 50 710 О 8 10 о IO 10 О 13 Plain Veryuühealth 
— — = | = — — — Dec. y y 
2 5 о 3 о о 4 о о 510 0 6 10 о 900 12 Plain = 
| — D*4 10 о | — | — — — | 18 Dec. 
2 о о — | 415 О — | 5 Plain КЕ 
7 о о = ў о о — 9 Dec. 


€ These sizes are-obtainable in the enamel-embedded class for £2 10s. to £4. 


** A standard degree of decoration has been kept to as closely as possible, the grades being D, DD, р". 


letterpress. 


heating apparatus should be as small as 
possible, and the weight of the units 
should be a minimum : the source and its 
accessories should offer a minimum of 
obstruction and inconvenience to other 
operations, and should be portable. 

In cooking operations the heating should 
be confined to the required spot and not dif- 
fused into the entire room, whereas the con- 
verse is the desideratum in room heating. In 
the latter operation, wastage via the chimney 
or via outgoing air currents, must be 
carefully avoided. Waste gases, if unavoid- 
able, must escape at as low a temperature 
as possible, yet must be removed ere they 
unduly vitiate the atmosphere. This is 
particularly so in gas ovens: the system 


See also 


which permits food stuffs to soak in a 
mixture of carbon dioxide and sulphur 
dioxide for several hours immediately 
prior to their consumption is obviously 
extremely bad from a hygienic point of 
view. 

The extent to which each system of heat- 
ing conforms to the above requirements will 
be apparent in the later stages of this article. 
The various costs, prime and running, are 
compared in Tables IV..VI. and VIII.- 
XIIL, while the amount of accessory appa- 
ratus is set out in Table VII. It is obvious 
that electric heaters are superior to all others 
in the matter of cleanliness of operation, 
this feature being more fully dealt with 
in the *Health" section. Particulars of the 
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TABLE V,—COST OF INSTALLATION—COOKING 


OVENS. 
MEANS OF 5572 MO рды Mau ү Б C ES 
c. ft. Available Space. Consumption at Capacities. 
HEATING. Бе yet abe ee e As ie ss ne Ae CR an: так таса Be mae et eel зл E 
EL 1.0 | 1.5 2 4 5 | .25 1.0 | 1.5 | 20 | 40 5.0 
| н | 
A’ B* A B | А В А В А B A B — — — = — — « 
£s.d. £s.d. { 5.4. £s.d.£ s.d. £ s.d. £ s.d. £s.d. £s. d. £s.d. | | | | 
Electric .. ..|] — -- 515 01150|62 6 21006100 3 0071507 099 007 00, — 500,1000 500, 1000 § $ Peu 
. | | Ф 1250: & 1500 3000 
US (ЕРЕН { 1 Boiler | 2 Boilers | 2 Boilers | 5 Boilers , 5 Boilers m watts, | watts. — = watts. 
I Griller | І Griller 1 Griller 2 Grillers 2 Grillers \ 
тос. Ё. | 13c.ft. 17.5c.ft. 33¢.ft. | 40c ft. 
Gas Stoves ..] — — £21 о /£s3520/]4315 о | £7 15 о | £8 10 0 e. Aor ber he. СЪБ ресе. 
Coal s se ws = -- Tf2 оо £4 9 о £5 10 о £8 10 о. 29 5 о е 3.51b. | 4.4lb. | 5.01Ь. | 9.olb. | 12]b. 
Oil "ED 18/- {2 о о {2 18 о £5 5 о £9 o о дото o Pint 2/3. Pint 0.8 Pint т Pints 1.2 Pints2.3| Pints 3 


| | 
| | 


+ A=cost of electric stove alone. B-cost of disc stoves, grillers, &c., as specified on line below in each case to 
bring electrical equipmnent up to same capacity as that of the gas stoves. 

į 100 v. winding (10/- extra for 200 v. winding). 

6 The heaters in these stoves would be about the same as in the 1.5c.ft. oven and 5.oc.ft. sizes respectively, the 
full heat being kept on longer in the first instance and shorter in the second. 


TABLE VI.—COST AND PERFORMANCE OF 


Tank BoiLERs.* 


Capacity. | Rate of 
: Consump- ! 
Type of Heating. | А Boiling рег! Cost of 
УР & nog : ui А un Type of Heating. min. pon Installation: = а 
| gall. , адай | gall sgall | Godeg. F Em d 
Е еа Слай ыны Сои осоо = Ор 
Electric | | | | | Electric, 1 gall. size | 1! о т 
Жу i ы , . eel 0.0373 Ra . I о ^ 
rer £210 о £3 15 о | £4 8 о £6 о о | per min. 376 19 watts. , 
os ee .. .. E 
| £5 оо! 700 8 10 о 7 о о Copper. I.5 T 0.044 gall. 12 6 |325, 650, & 
| рег min. 3 1300 
Watts 250 and | зоо and . 350 and | 500, 1000, | | 
is = 1000 | 1500 1200 and 2000 Oil, 30 25 0.120 gall. á 14 pint 
: А í : | i per min. 3 3 per hour. 
Time to boil 25 mins. 40 mins. 74 mins. 74 mins. t | 
| | бо . 0.134 gall. 3 pints 
Cost of similag ға £2 22 9 | {Добо fioo р 8 о Тіп. per min. був per hour. , | 
f у: il .. ] 
Or gas or oil 1701! 1150 220 зоо Соррег. Gas, 5 же 0.083 gall. 310 0 30 (?) c.ft. | 
А ; per min. per hour. 
Gas ring for ditto ... o 2 6 о 3 6 04 6 o 6 о | 
, 8 ” 210 о бос. ft. 
| | | per hour. 
| 12 " 8oc.ft. | 
| | *13::9 | per hour. ; 


| | | 


АНИАД ЕВА АВЧ i S e E e tte 


* Coal boilers are omitted froin this section since separate coal boilers are not suitable for ordinary domestic 


supply and the boilers in coal ranges are remarkably inefficient (sec however Table XIV.). 


t The shortening of these times is at once eftected by increasing the wattage of the ful! heat elements; the 


t“ maintaining" eleinents should be left unchanged. 
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SECTION.t—OVENS, KETTLES, SAUCEPANS. 


KETTLES. SAUCEPANS. 
| Capacity (pints). Capacity. 
rcx ML d Ue I DM ANC LAM MG! ИБИ к Mies ar es cc ; 
| 1.0 | 1.5 | 2.0 3.0 | 4.0 | 6.0 1.5 Pints | 2 Pints | 4 Qts. 6 Qts. 
NONAS. — oOo — Ы — — —— | od —— — —— —— ~ PEN! — — — 
; | | 
| Electric : Е 360 | 500 "e: | Воо is | 1300 400 250 400 1000/320 450 1000/350 
| 
T Cost. £2 £1 Jum £1126! (1150 | £1 17 6 16/6 25/- 30/- 55/- 35/- 751- 
Time to boil. ro mins. | то mins. | 15 PUDS- | 14 mins. | 15 mins. | 18 mins. 14 mins. | 3omins. | 6oinins. | 25mins. | 96mins. | 4omins. 


10 mins. 


| 


Finish; Corde Copper , Tin Copper | Copper | Copper | Enamel ! Copper Enamel Enamel 
І i 
PUDE 3/6 2l- 3l- | 5/6 7l- 9/- 2l- 7l- 3/6 6l- 
tto Better Finish 5/- — 5/- | 7/6 -- -- 3/6 10/- 5/- | 7/6 


Methylated spirit kettle sets are about equal in price to electric kettles, and with spirit at 1/8 per gallon their operating cost is very heavy. 


t For total cost of average cooking installations with ordinary heating utensils see Table XII. 

} The relative costs of utensils in various finishes are, approximately, plain tin: copper: nickel plate: silver 
plate ::1: 1'8 : 2.05 : 2.7. 

€ Portable stove: the other coal ovens are іп kitcheners, In connection with the latter the extra cost of 
fitting and the provision of hot water must be remembered. 


VATER BOILERS—URNS, TANKS, GEYSERS. 
й 


\ 


If water heated through godeg. F. is required the above outputs may be multiplied by four. 


T GEYSERS. 
3 | d | | | Е Е MAE RN p 
'ost of Fuel. Rate of Boil- т” | ; | 
ТЕ 1 Type of Heating. nie frc Installation Con- Overall size Cost of Use per Cost per Gallon 
Coke ouk: | E Godlee. F. Cost : suinption | of Geyser. Hour. Water Boiled. 
NN m З ЗЕК M ЕСЕ 
Kitchen | | 
| * d : | 
1. 10d. Type. | £ s d. А 0.4 0.33 
; Electric. o.094g£all. : 15in. diam. by | 2.54. at | 1.875d. at, 
пороен: (“Те Radiant "' аен рег шіп. | 8 о о 2500 WANS | 25in. high. 1d. unit. | 3d. unit. | BT U ET 
Fairly Orna | | Бао жалы 
1.304. | mental. | 
; teall. 44 pints 28in. by тїп. | 
| Он; рег min. | 719 0 per hour | by 16]in. 6.72d. о.454. 
2.254 | | 
G 1gall. | 8 150c.ft. | 13in. diam. d | 4 
a | per min. | = x per hour | 35іп. high. 4.954. 0.0053 
| 
| f А 
іра!. " 100c.ft. gin. diam. 
| per min. (UP per hour ! 36in. high. 4-954. 5527 
| 


i Electrical energy is taken at rd. per unit, oil 1/- per gallon, gas at 2/9 per тооос ft. It is assumed that heating 
is proceeding at maximum rate possible throughout the hour in each case. 
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heat regulation possible and the specific 
output coefficients (viz., the weight and 
volume per cubic foot heating capacity) are 
given in Table III. and Fig. 1. The great and 
irregular variations in the various curves of 
Fig. 1 are explained by the variety of makes 


results in this instance are therefore mainly 
of value as showing the order of the various 
coefficients. 

Costs of Instaliation and Use.—Before 
drawing up and explaining the tables of 
these costs it will be well to state exactly 


and patterns embodied by the tables. The what types of heaters it is proposed to 


TABLE VII.—COST OF INSTALLATION—-ACCESSORIES, 


Electric Radiators г— £ 5. d. 
250 watt lamps, 2 idi capacity low voltage, 4s. ; high voltage o 4 6 
Guards for ditto .. те - s "T .. 25.10 O 4 о 
Transparent screens (to deflect direst Беш}. Ges 1 O IO о 
Wall socket and plug (to carry currents 5A to EO 25. 60. {о o 3 6 
Reflectors ; е plain, ros. ; D, £1 105.; D* 3 о о 
Wire from meter to бїйрє: (рег yd. ) 6oo meg.w. silk covered HV., 1s.; LV. o 1 3 

or, lower grade but sufficiently good HV.,gd.; LV. о 1 o 
Two or three switches and 3yds. flexible lead included in 
radiator prices already given. 
Electric Convectors :— 
Heating units (250 watts each) o I 6 
Ruby lamps (to produce warm glow) . oa a o I 6 
Guard screens, redectors &c. , unnecessary. 
Necessary heat control switches and dexible wire included as before. 

Steam :— | 
Steam mountings for boiler, in 60,000 to 160,000 c.ft. size... 6 108.to 7 то o 
Steam valves in piping (analogous to electrical main switch, but more costly, 

besides being supplied by the user instead of by the supply company). 
Diameter of piping 2in, 4in. 6in. 8in. 
Cost of steam valves 285. to 35s. 62s.to 1105. 1185.10 1425. 1715.10 10 18 о 
Safety valves suitable for water or L.P. steam lin. 6s. ; rin., 8/-; zin, o 13 6 
For costs of piping, nipples, bends, &c., see curves Fig. 4. 
Drain pipes, &c., too numerous to fully specify. 

Water :-—Piping, &c., as in Fig. 4. 

Sockets 7s.to Zo 9 o  Rubberrings for ditto ... each o o 6 
Smoke pipe for boiler per yd. о 7 о Elbow and door for same O IO о 

Charcoal Stoves :— 

Gas rings (necessary to ignite fuel) o 1 6 
or Methylated spirit lamps (to ignite fuel) o 2 0 
Gas stoves :— 
Guard (necessary with most types) T ist Jus озо о 
Flexible tubing ... SM sss ias = . per ft. o o 8 
Asbestos fibre — js . per oz., TUE ; per lbs 5/-to o 10 o 
* Fireproof" bricks doz. £o o 6 E bricks ... .. each o 1 6 
Damper ... iem .. 0 2 6 Flue elbow ... о зо 
Reflecting “ fender” o 6 6 
Base for stoves ... T ue os us 2 20-17-96 
Luminous gas heaters :— Burners (for sites) - в us .. 5/- to o 8 о 
QW Stoves : —Wicks |... per 102. 4- to о 6 о 
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Slow-combustion central-heating coal stoves : —Of these the writer has been able to 
collect a very complete list of the cost of accessories, which is appended 


іп extenso. 


It will be seen that, in addition to the high prime cost of the 


stove itself, its great weight and space occupied, the cost of its accessories 


and means of distribution is very serious. 


Of course, not all the accessories 


below would be required in any one installation, but from this data the 
approximate cost in any particular case can be estimated. 


3ft. length fireclay oval pipe, two per stove 
Cleaning doors (one necessary at every straight length of fue) 


Short bend .Жо 9 


Nozzle from stove to fresh air flue to set up warming and ventilating action.. 


Cast-iron pipe, per foot .. 


Ordinary bends (with ел dosis 2s. » extra) 
Cost of fitting bends (apart from materials) . 


Iron wall nozzle, to take stove pipe 
Flange where flue passes through floor 


Flange where flue passes through sloping slates 


“ Bonnet " top for flue ... „Lo 4 
Compound ridge tile and windguard 


Draft regulator (necessary with small stoves) ... 


Ashpan ... . 65. to Жо 15 
Iron floor bases ... 325. 6d. to 2 Іо 
Valves for gratings e 0 9 
2ft. gilled smoke pipe ... we 5-18 
Room air-inlet valves I O 
Pilot stoves 


Adapting stoves for isolation chaniliere {бед use in motor sheds. е) not 


necessary with electric stoves) 
Stoking implements (special shapes) 


Zf an underground stoking pit be employed, to this list must be added : 


Grating over stoking pit 
Ladder into stoking pit 


Man-door and frame in grating 


5.40 o 7 6 

o 7 6 

6 Special stoking scuttle o 8 о 
o 12 6 

Is. 3d. {о о I 9 

i e о 4 о 

8s.to о 9 о 

«es о 4 о 

o 6 6 

igs o 6 6 

o Wind guard... o 10 6 
s ess т о о 

ses As - sve O 2 6 

o Descending nozzle and bend 1 о o 
o Register average о I5 о 
o Air inlet pipes L2upto 5 o o 
6 Bend for ditto әш OTF 26 
o Valves to external air O 15 о 
210 о 

de 10s.to 2 о о 

; 5 6 

Жі ю £10, say 5 о o 

"is я . © IO о 

I о о 


On inspecting this list it will be apparent that the auxiliaries of a slow-combustion 
stove may cost £20 to £ 30, in addition to the cost of the stove itself. 


compare in each system. The types dealt 
with are :— 

Heaters using coal, coke or charcoal: 
(а) The ordinary domestic grate; (0) 
kitchen ranges; (с) slow combustion stoves 
(using anthracite, charcoal or ordinary 
coal). 

Steam heating systems: Only one system, 
of medium pressure, 1s dealt with, steam 
heating being more applicable to the warm- 
ing of very large buildings, works, &c., and 


being therefore treated more fully in a later 
* Industrial Heating ” section. 

Water heating systems: The same 
remarks apply to these as to steam systems, 
no detailed discrimination being yet made 
between single and double pipe systems, &c. 

Gas heating systems : (a) Cooking stoves ; 
(^) gas rings; (с) room heating stoves; (а) 
geysers. 

Oil heating systems: (a) Room heating 
stoves ; (д) cooking stoves. 


C 


The ELECTRICAL MAGAZINE. (Electricity v. Gas for Heating, ёс.) 74 


2) 
3) Steam Coal Fired 
4) ы Qc - - 


М 


( 
/ 


ҮҸеқнт -Lao — vex | 1000 cry. caracity 


` 


HATEN 
HS 


1 
! 


HAV) AL 7 


A 2923 x 
0 ! 5 ^ 5 
Thousand C. Ft. Co pac ity 
Fic. 1. 


Electric heating systems: (a) Radiator 
heaters; (0) convector heaters; (с) enamel 
embedded heaters. Since electrical appara- 


қытқақұ ПОмть of Ligur & Hear 


Jes? vesthle от dark 


tus is not so familiar to the general public 
as that of the other heating systems, it may 
be well to define exactly what is meant 
by the above three types of electrical 
heaters, the advantages of each being con- 
sidered later. Radiators are practically 
glorified electric glow lamps in which the 
filament (at present universally of carbon) is 
run at a lower temperature than in a lighting 
lamp, so that, at the lower temperature, the 
value of the ratio of heat energy emitted 
to total energy emitted is higher than in 
the case of a unit used for lighting. The 
curve Fig. 2 shows the relation between 
temperature of filament and percentage of 
heat to the total energy radiated. It is 
desirable to run the filament at such a 
a temperature that it emits an orange-red 
light, in order to obtain a cheerful appear- 
ance. Carbon is superior to metal filaments 
for radiators for precisely that reason which 
makes it inferior to the latter for lighting, viz., 
the fact that, at a given temperature, the 
carbon filament dissipates a higher per- 
centage of the energy supplied to it as heat 
than does the metallic filament. (Thus the 
percentage of visible to total radiation was 
3.2 per cent. for a good carbon lamp, but 


D eqrees Centigrade. 


Fic, 2. 
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9.1 per cent. for an Osram lamp.) At the 
low working temperature employed the life of 
the carbon filament is very long, disintegration 
of the filament being practically nil. Radiators 
are very applicable to certain classes of 
work, and are so named in consequence of 
their heating effect being mainly by radia- 
tion. The fact that the heating is so produced 
explains their particular applications given 
later. Convectors consist of metal resist- 
ance strips not enclosed from the air in any 
way. The strips are so designed as to run 
at quite a low temperature (usually about 


26odeg. F.), and hence their life is very long, 
being chiefly determined by atmospheric 
corrosion and accidental mechanical injury. 
As their name denotes, these heaters depend 
chiefly on convection for their effect. 
Enamel-embedded heating units are run 
at a higher temperature than convector 
strips, and are chiefly used in cooking 
utensils ; they supply heat by conduction in 
saucepans, &c., and by combined convec- 
tion and radiation in ovens. 


R. E. NEALE. 


(Zo be continued.) 


RR 


ELECTRICAL EARTHQUAKES. 


The following letter, which appeared recently in a Yorkshire daily 
contemporary, opens up a field of electrical energy hitherto neglected by 
the electrical engineer, and incidentally reveals a method of preventing 
earthquakes. We cannot recommend a trial of the system advocated— 
the two-fold disappointment in failure to accomplish such glorious 
results might be disastrous. 


Some scientific men are inclined to believe in the theory that some 
earthquakes are caused by the accumulations of electricity in the earth being 
excited, agitated, and perhaps liberated by the attraction of the moon pulling 
the same way and at the same time as the sun, and perhaps also some planet 
or planets, or possibly a comet also, though some local earth-shakings are 
caused by the slipping, sliding, bending, or breaking or fracturing of the 
strata of rocks. We must now consider that electricity is being manufactured 
or drawn to us (though most of us do not know what it really is, nor where it 
comes from, nor where it goes to, although we have found out the way of 
getting it or drawing it to us and storing it) in great quantities for power, 
message, and light, instead of steam and gas, and that much of this electricity 
escapes somewhere, probably into the earth to some place or places which 
attract it or allow it to accumulate, and that this quantity is now and ever 
will be on the increase. Why may not some of this largely increased volume 
of electric fluid be flying to the weakest spots in the earth’s crust, which are 
known as places where great earthquakes have taken place іп! modern and 
ancient times? Therefore it may be worthy the consideration of people 
who may be interested in the subject to try to find out a way whereby some 
earthquakes (perhaps foretold) can be prevented, or the effects considerably 
lessened, by men boring down into the earth, and putting down good con- 
ductors of electricity—water, or, say, copper wire or wires—and then taking 
the other end or ends of the wire or wires and dropping them into the sea or 
some great sheet of water which is a good conductor, and so let the fluid pass 
away without doing damage, or perhaps at some future time some of this 
earthquake electricity may be caught and stored for man’s use, and so be 
made his servant instead of being his master. 


THE WORKING AND TE.$TING OF 
POLYPHASE SYNCHRONOUS MOTORS. 


OD 


S is well known, a polyphase syn- 
chronous motor is simply a poly- 
phase generator reversed, which 

when supplied with alternating currents may 
be used as a motor. Such a motor will have 
field magnets of constant polarity, these 
being separately excited from a source of 
direct current as in the case of an alternating- 
current generator. А synchronous motor 
will exert no driving torque until it runs at its 
synchronous speed, which equals frequency 
x 120 + number of poles; it is therefore 
necessary to run such a machine up to speed 
by external means before switching on the 
supply current, and should the speed by any 
means fall below that of synchronism the 
motor would stop, for reasons to be explained 
later on. For such a motor to exert any 
driving torque it is necessary that the 
frequency of the supply current be the same 
as that of the e.m.f. generated in its arma- 
ture, the value of the frequency being given 
by r.p.m.x number of poles+120. When 
the frequency of the supply current is at its 
correct value, the direction of the current in 
any particular armature conductor at any 
instant will be reversed as that conductor 
passes from a field of one polarity into a 
field of opposite polarity. In other words, 
if the machine is to exert a constant driving 
torque, the reversal of the current in each 
conductor must take place at the same time 
as that conductor is moving from one pole 
to the next. As a synchronous motor is 
only capable of exerting a driving torque at 
one definite speed, which is quite indepen- 
dent of its field strength and supply voltage, 
the relation between the mechanical load 
on the motor and its electrical input corre- 
sponding to that load does not depend 
upon the ratio of the supply voltage to the 


counter e.m.f. of the motor, as is the case 
with a direct-current machine, but is 
governed by the phase relation existing 
between them. 

When considering the operating charac- 
teristics of a synchronous motor it is neces- 
sary to take into account (1) the e.m.f. 
impressed on the motor, (2) the counter 
e.m.f., (3) the resultant of these two e.m.f.’s, 
(4) armature impedance and current. The 
counter e.m.f. of the motor will be alternating 
and opposed to the impressed e.m.f., the 
adjustment of the armature current required 
by a change in the load on the motor being 
due to the change in the magnitude of the 
resultant of the counter and impressed 
e.m.f.’s. As the speed of the motor remains 
constant at all loads it has no effect on the 
counter e.m.f., the change in the armature 
current at different loads being caused by an 
alteration in the phase difference between it 
апа the impressed e.m.f., which alters the 
value of the resultant e.m.f. The working 
of a synchronous motor may be shown 
graphically by the vector diagrams in Fig. 1, 
which represent the current and e.m.f. 
relations with a given excitation. and con- 
stant impressed e.m.f (a) at no load, (2) for 
an increasing load, and (с) for a decreasing 
load. Referring to the diagram (a), let OE 
represent the voltage impressed on the 
motor terminals, and OV the counter e.m.f. 
of the motor at no-load, then the resultant of 
these two e.m.f.'s OR represents the voltage 
available for overcoming the armature 
impedance. Тһе resultant e.m.f. in а 
synchronous motor is the difference between 
the impressed e.m.f. and that part of the 
counter e.m.f. which is in phase with the 
impressed voltage. 

The vector OR, is also the resultant of 


-yY 
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the resistance and reactance drops of the 
armature, these two quantities being re- 
presented by OP, and P,R, respectively, the 
angle ф being such that tan ф = armature 
reactance + armature resistance. The 
armature current which is given by resultant 
e.m.f. + impedance is represented by the 
vector OC,, being in phase with the resistance 
drop, and the angle of lag of the armature 
current behind the impressed voltage will be 
given by фу. This represents the current 
and e.m.f. relations of the motor when 
running on light load. When an increase in 
the load takes place, the vector representing 
the back e.m.f. (which remains constant at 
all loads) swings backwards in a clockwise 
direction, taking up the position OV, in 
diagram (0), thus working itself more out of 
phase with the impressed voltage. The re- 
sultant e.m.f., ОК, will now be increased 
sufficiently to allow of an increase in the 
armature current OC, required by the in- 
creased load. The angle of lag of the 
current behind the impressed voltage is now 
$» and it will be noticed that as the load 
increases, these two quantities are brought 
more nearly into phase; that is to say, an 
increase of load on a synchronous motor 
increases its power factor to a certain extent, 
without any adjustments of its excitation. 
When the load on the motor decreases, the 
vector representing its counter e.m.f. moves 
round in а counter-clockwise direction, 


finally taking up the 
position OV, in dia- 
gram (с) and thus 
gradually gaining in 


phase on OE. The 
resultant e.m.f. re- 
presented by OR, 


will now be reduced, 
the armature current 
OC, being decreased 
in proportion. "The 
balance between the 
impressed voltageand 
the counter e.m.f., 
which is upset at 
every change in the 
load, is really maintained by armature re- 
action, the phase relation between the arma- 
ture current and the counter e.m.f. being 
varied so that the effect of the former is 
either to magnetize or demagnetize the field 
as required. 

When the load on a synchronous motor 
increases there is a momentary drop in its 
speed, and this causes its armature to take 
up a new position which alters the phase 
relation between the counter and impressed 
e.m.f.'s, so that the former offers less opposi- 
tion to the latter ; consequently the armature 
current. will be proportionally increased. 
When the load decreases a reversed effect 
takes place, so that the armature current 
automatically adjusts itself as regards its 
magnitude and phase relation to the value 
required by any particular load on the 
motor, and when this is the case the motor 
is said to be running under stable conditions, 
so far as its operating characteristics are 
concerned. As regards the excitation of 
synchronous motors, it is a well- known 
fact that it is possible to work at any 
power factor by altering the field strength, 
and this question may be considered 
as follows. When the excitation on a 
motor is such that the impressed voltage — 


(Counter e.m.f?4- CK drop? + reactive drop") 


the armature current will be exactly in phase 
with it, the power factor will be practically 
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unity, and the current input to the motor 
will be a minimum. Any further increase 
in the excitation above this point will give 
rise to a leading current, which will cause 
the current input required for any particular 
load to increase. It follows, therefore, that 
every load has its corresponding value of 
excitation which enables the motor to work 
with the smallest armature current. This 
variation of the armature current with the 
exciting current is one of the most import- 
ant characteristics of the synchronous motor, 
and the curve representing such variation is, 
owing to its shape, known as a V curve. 
Having considered the working of syn- 
chronous motors, a brief description of the 
shop tests generally carried out on these 
machines may be of interest. "These tests 
may be classified under two distinct heads, 
viz, experimental and commercial. The 
experimental tests carried out are (r) 
resistance; (2) open and short circuit 
characteristics ; (3) iron loss, saturation and 
friction ; (4) efficiency; (5) regulation and 
V curves. It will be seen that these tests 


are practically the same as those made on 
alternating-current generators, and with the 
exception of the tests for regulation and 
V curves, are carried out in the same 
manner, and as the testing of generators 
has already been considered in a previous 
article (see THE ELECTRICAL MAGAZINE, 
September, 1908) it will only be necessary 
to describe these latter tests. 

The regulation of a synchronous motor 
shows the relation between the field amperes 
and armature amperes at unity power-factor, 
and is carried out in the following manner. 
The synchronous motor 1s belted to a direct- 
current generator of sufficient capacity to 


* transmit the full load of the former when 


run on a rack load. The test is started by 
running the synchronous motor up to speed 
by means of the direct current machine, 
which is connected to a suitable source of 
supply and run as a motor for this purpose. 
After the synchronous motor has been syn- 
chronized and connected to the alternating- 
current supply, the direct-current machine 
is disconnected from the supply circuit 
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and connected as a generator to the resist- 
ance rack. A series of readings of the field 
and armature amperes on the motor is then 
taken at different loads, the power factor 
being held at unity by varying the exciting 
current until the armature current reaches 
its lowest value, this adjustment of the 
exciting current being made for each load 
on the motor. From the results of this 
test а curve is plotted having armature 
amperes as abscissze and field amperes as 
ordinates. The frequency and supply 
voltage must be held constant during this 
test, and the data obtained enable the 
efficiency to be worked up in the same 
manner as with an alternator. 

The data for the V curves are obtained 
by running the motor on no load, half load, 
and full load at different exciting currents, 
and taking readings of armature and field 
amperes. A reference to the series of V 
curves shown in Fig. 2 which were obtained 
from a roooh.p. 11,000-volt Westinghouse 
three-phase motor, shows that the armature 
current varies to a greater extent, also that 
the curve is more V-shaped at no load than 
is the case when the motor is loaded, and 
that the variations in armature current for 
any particular values of exciting current 
decrease as the load increases. When the 
power factor of the motor is unity, the 
apparent watts will be equal to the true 
watts input, and as the terminal voltage has 
a constant value, the value of the input 
armature current may be taken as a measure 
of the power factor, so that it is possible to 
calculate the power factor from the data 
given by the V curves, and this has been 
done for the different loads on the motor in 
the following manner. The full-load rating 
of the motor is тоооћ.р., which corresponds 
to 750k.v.a. 


. 7. full-load current is given by 


7$0 X 1000 _ hase. and 
11,000x J/3 00 39.4amp. per phase, an 


it will be seen that this corresponds to the 
current input at unity power factor on the 
V curve at full load, so that in this case 


. true input current | 
the ratio - ap — 2. 39:4 _ 
actual input current 39.4 


and this corresponds to an exciting current 
of g2amp. ‘Taking another point on the 
curve, namely 45атр., its corresponding 


I, 


power factor — A — .875, the other 


points being found in a similar manner. 
The results of these calculations at full, 
half and no load, are given in Tables I. 
IL, and III. respectively, and are also 
shown by the curves in Fig. 3. The curve 
representing the power factor at no load 
shows very plainly how widely it varies for 
different values of the exciting current when 
a motor is running light. The saturation 
and short-circuit curves of this machine 
are shown in Figs. 4 and 5 respectively. 


TABLE I. 


Exciting Current. 
Power Factor 


Full "Load. Armature Current | Armature Current 
Lagging. | Leading. 
1.0000 92 amperes current in phase. 
0.9850 88 96 
0.9275 Bo IO4 
0.8750 74 IIO 
0.7880 66 120 
0.7230 60 127 
0.6860 57 132 
TABLE II. 


Exciting Current. 
Power Factor 


Half Load. Armature Current | Armature Current 
Lagging. | Leading. 
1.0000 86 amperes current in phase. 
0.9850 84 | 90.0 
0.9160 80 93.0 
0.7875 73 99.0 
0.5725 60 112.0 
0.4925 | 54 | 118.5 
0.3720 40 134.0 
0.3430 35 | 138.5 
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TABLE III. 


Exciting Current. 
Power Factor 
t 


No Load. Armature Current | Armature Current 
Lagging. Leading. 
1.000 84 amperes current in phase. 
0.768 83 85.5 
0.500 82 86.5 
0.280 80 88.5 
0.125 76 92.5. 


The regulation curve of this motor, when 
run as a generator at unity power factor and 
a constant exciting current, is shown in Fig. 
6; and the curve, Fig. 7, represents its effi- 
ciency as worked up from the losses, but 
neglecting the loss due to friction and 
windage. 

As regards the commercial testing of syn- 
chronous motors, the tests generally made 
are those of (1) polarity, (2) temperature, 
(3) insulation. The temperature test is 
made by belting the machine to a direct- 
current generator of suitable capacity, and 
is carried out in a. similar manner to a regu- 
lation test, with the exception that the load 
is held constant throughout the test. So far 
as the polarity and insulation tests are con- 
cerned, the remarks made in connection 
with these tests when carried out on alternat- 
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ing-current generators apply as well to 
synchronous motors. 

As the operating characteristics of the 
induction type of motor have also been 
considered in these columns, it will be at 
least of interest to make a comparison of 
both types. The operating characteristics 
of both types of motors, between which a 
comparison should be inade, are those of: 
(1) Starting and running, (2) maximum and 
starting torques, (3) speed control, (4) cur- 
rent consumption, (5) power factor, (6) 
reaction effects on the supply circuit, (7) 
overload capacity. These characteristics 
may be considered as follows :— 

Starting and Kunning.-—A synchronous 
motor requires a separate source of mechani- 
cal power to start it up, also some form of 
friction. clutch must be put between the 
motor and its load, as it cannot be started 
under load. On the other hand, an induc- 
tion motor is started by simply throwing a 
switch to the starting and then the running 
position, and as it is capable of starting 
under load, it requires no friction clutch or 
starting motor. 

Starting and 


Maximum — Torque.—In 
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practice а synchronous motor is run up to 
its speed of synchronism by means of a 
starting motor of which the starting torque 
is very small, but although а synchronous 
motor has no starting torque, it has a maxi- 
mum torque which exists at its synchronous 
speed. With an induction motor the start- 
ing torque is very large, being generally 
about three times the value of its full-load 
torque, and by means of an external resist- 
ance in the rotor circuit it may be adjusted 
to suit the load against which it has to start. 
Its maximum torque is higher than that of a 
synchronous motor, and increases with a 
decrease in the speed. In the case of the 
latter type of motor, however, a decrease in 
the speed due to an overload would cause 
the torque to fall off very rapidly, finally 
stopping the motor. 

Speed Control..—A synchronous motor has 
but one definite speed at which it can 
develop a driving torque, whereas an induc- 
tion motor may be designed to work at a 
practically constant speed, or develop large 
torques over a variable range in speed. 

Current Consumption. — The operating 
current taken by a synchronous motor 
depends upon its excitation, and requires 
constant adjustment to keep it at an 
economical value when working on a varying 
load. In the case of an induction motor 
the current is proportional to, and auto- 
matically varies with the load on the motor, 
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and is quite independent of the control of the 
operator. 

Power Factor.—' Гће only advantage the 
synchronous has over the induction type of 
motor lies in the fact that it is possible, 
generally speaking, to raise its power factor 
to unity by adjusting its excitation ; but 
under some operating conditions its power 
factor may be less than that of an induction 
motor. Owing to the fact that an induction 
motor always takes a lagging current its power 
factor is not very high, and varies in 
proportion to the load. At any particu- 
lar load, however, it has a definite value 
which is not under the control of the 
operator. 

Reaction Effects on the Supply Circuit.— 
The periodic fluctuations in the speed 
and armature current, known as “hunting,” 
which are sometimes set up in a synchronous 
motor, have an effect on the generators as 
well as other motors connected to the circuit. 
They also affect the voltage drop in the 
system, the voltage of which is dependent 
on the adjustments required for the satis- 
factory working of the motor. The only 
bad effect an induction motor has upon the 
system is to increase the voltage drop due 
to the lagging currents it introduces into the 
circuit, but as these currents have a definite 
value, being constant at any particular load, 
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it is not difficult to keep the voltage of the 
system under control. 

Overload | Capacity. — Any momentary 
increase in load on a synchronous motor 
will cause it to fall out of synchronism and 
stop, and a sudden increase in the generator 
speed is likely to have a similar effect if the 
motor happens to be working at or near its 
full capacity. In the case of an induction 
motor, a sudden increase in the load will 
simply cause a momentary drop in speed 
which will again rise to its normal value 
when the overload is removed. 


From the above comparison of both 
types of motors it will be seen that although 
it is possible to vary the power factor of the 
current supplied to a synchronous motor, 
it has several serious disadvantages which 
make it less satisfactory to operate than the 
induction type of motor. 

In conclusion the writer's thanks are due 
to the British Westinghouse Company for 
their kindness in supplying curves and data 
of their synchronous motors. 


J. W. ROGERS. 
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A COMPARISON BETWEEN GAS AND STEAM 


ENGINES FOR THE GENERATION 


OF ELECTRICITY. 


It is only in the last few years that large gas engine sets have been 


used in electrical generating stations. 
tube boilers, superheaters, high-class 


with water 


A generating station equipped 
compound steam 


engines, economisers, and coal handling plant will cost practically the 
Same amount as a gas engine set, with gas producers and ammonia 


recovery apparatus, both costing about £22 105. per k.w. 


Also both 


stations would require the same amount of ground space. 
With steam plant there is a greater loss due to radiation because 
the temperature of the gases in the steam pipes is higher than those in 


he gas engine pipes. 


At the slack times a gas producer can be 


banked much more economically than a steam boiler can, and when а 
set is shut down all the auxiliaries can be stopped as well, but with a 
steam engine the feed pump and other auxiliaries have to be kept going. 
The “load factor" greatly affects the question, as the gas engine is far 
more economical on the lower load factors. 

If the producer plant be greater than say 25ооһ.р. it is profitable 
to recover the sulphate of ammonia from the producer waste. 

The gas engine has one great drawback, and that is it will not 
meet an overload, and another set has to be started up, whereas a 


good steam engine will supply an overload of 20 per cent. 
to produce very 


the gas engines are liable 


when they backfire. 


Further, 


excessive vibration 


The cost of attendance, cleaning, depreciation, &c., will be about 


equal in each case. 
quantity of water that 


A steam engine set will require four times the 
a gas engine will, an item of considerable 
importance where the water supply is expensive. 


The efficiency of 


large gas engine sets has been greatly increased during the last five 
years and the gas engine is rapidly becoming a serious rival to the 


reciprocating steam engine. 


S. M. HILLS. 


THE FORTH BANKS WORKS OF MESSRS. 
R. о W. HAWTHORN, LESLIE © CO. LTD. 
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wo years after the battle of Waterloo, 
namely, in 1817, Mr. Robert Haw- 
thorn took an open shed at the west 
side of the Forth banks, and commenced to 
manufacture steam engines, mill work, and 
the like. He had four workmen, and, what 
is more, retained them for a lifetime of 
service. In two years, by dint of hard 
working side by side with his men, the 
founder of the firm was able to buy a small 
portion of the ground on which the present 
works stand. In the evenings, after work 
hours, the master and his men, now number- 
ing twenty, excavated the hill-side and 
prepared for the building of the first shop 
with their own hands. 

In 1820 the pay roll had lengthened to 
thirty-four, Mr. William Hawthorn became 
partner with his brother, and about this time 
the young firm built the first self-acting steam 
crane for delivering ballast from ships, which 
was erected on the banks of the Tyne. 

At the end of the year 1822 the motive 
power of the firm was changed over to 
steam. This change was rendered necessary 
by the fact that the growing operations of 
the firm rendered the method of driving the 
lathes by means of men turning a hand- 
wheel rather obsolete. In these latter days, 
it may be remarked, steam has in its turn been 
ousted in favour of electricity. The firm 
was distinctly progressive, scoring several 
successes in the production of novelties. In 
1824 it made a 5oh.p. engine, which was a 
colossal size in those days. In 1829 was 
produced a 6h.p. road tractor, one of the 
earliest prototypes of our steam delivery 
wagons. In its travel along the main turn- 
pike from Newcastle to Sunderland it created 
much excitement. In 1831 a locomotive 
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was built; іп 1834 the first Cornish putnp- 
ing engine in the district was made by the 
firm, and on the 9th March, 1835, when the 
Newcastle and Carlisle Railway was opcned, 
the “Comet,” made by R. and W. Hawthorn, 
was one of the locomotives that shared in 
the inauguration. This engine, by the way, 
after its period of service on the railway, 
drove the wood-working machinery for the 
firm. ‘To summarise the further progress 
of the firm, marine engineering was also 
undertaken, and was transferred in the early 
eighties to the present extensive works at 
St. Peters-on-lTyne. Іп 1883-4 the firm 
acquired the shipyard of Mr. Andrew Leslie, 
at Hebburn-on-Tyne, and the firm has since 
been known as R. and W. Hawthorn, 
Leslie & Co., Ltd. Its history has been one 
of continuous expansion, the present loco- 
motive works having extended to a very large 
proportion of the former works of Messrs. 
Robert Stephenson & Co., Ltd., which they 
adjoined, and for a period of about seventy- 
five years the two firms worked side by side. 

The works are in close proximity (о 
the North Eastern Railway, to which they 
are connected by sidings. The traffic is 
worked by one of Messrs. R. and W. Haw- 
thorn, Leslie & Co.'s combined crane loco- 
motives, which is one of their important 
specialities, and some interesting particulars 
of which are as follows : — 

It has great advantages in saving time 
and labour. For carrying material from 
place to place, loading and unloading 
wagons, in addition to the powerful loco- 
motive hauling and shunting the traffic, it is 
unequalled. The crane is worked by the 
direct action of steam on the jib, which lifts 
2 tons at a distance of 2oft. from the centre 
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of the railway, 3 tons at 16ft., and 4 tons 
at r2ft. The load is slewed to any part 
of the circle by a two-cylinder turning 
engine, the whole being under the control 
of the driver. These engines are now most 
successfully used by many of the largest 
firms in this country, British and foreign 
Government dockyards, and are especially 
adaptable for use in shipbuilding yards, iron 
and steel works, dock quays, and railway 


electric power has been uniformly successful. 
The works provide a very heavy load factor 
and subjects the system to a fair test as 
regards reliability, frequently running night 
and day. Motors ranging in capacity from 
10 to r20h.p. are installed, and, as a rule, 
group driving is adopted. In the case, 
however, of some of the heavier machines 
the power demand is so great that separate 
motors are installed. "The supply of elec- 


"COMET" LOCOMOTIVE ENGINE, 
which conveyed one of the trains of pass 
on the opening of the Newcastle $ Carlisle 
Railway, March 9, 1835. 


MANUFACTURED BY R. & W. 


HAWTHORN, | 


Civit Engineers, NEWCASTLE-UPON-T vNE. 
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goods depots, and in many places where 
large quantities of goods have to be handled 
in railway trucks. 

A prominent feature in the operation of 
this old-established firm is the whoiesale 
adoption of electricity for lighting and 
power, which has entirely displaced steam 
power. A supply of electricity by means 
of continuous current is obtained from the 
mains of the Newcastle and District Electric 
Lighting Company, Ltd. at a pressure of 
480 volts, and no stand-by provision is made 
for the breakdown of electricity supply, 
inasmuch as the result of the adoption of 
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tricity displaced a collection of isolated 
steam boilers and engines, and economy 
has been obtained, not only in the cost of 
fuel and upkeep, but also in labour required. 
The single duty of bringing coal and re- 
moving ashes to and from these boilers 
was in itself an expensive item. Moreover, 
it used to be necessary for men to come in 
late on Sunday night in order to raise 
steam for the beginning of the week, whereas 
now there is no necessity for such extra 
time to be worked; and the trouble of 
smoke nuisance, inevitable in a closely- 
crowded neighbourhood, was also felt. 
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Turning now to the general equipment 
and operations of the firm, the locomotive 
erecting and machine shop, and also the 
extensive boiler shop at Forth Banks, are 
fitted with first-class machinery admirably 
adapted for locomotive work of the most 
modern class and for the largest engines. 
Locomotives are constructed here for all 
parts of the world, comprising foreign and 
colonial railways, and in addition to this 
there is done a very considerable home 
trade. 

A very large and important branch of 
the works is devoted to the manufacture 
of water-tube boilers of the varied classes 
which are and have been used in the 
British and foreign navies, and those which 
are most largely constructed now are of 
the Yarrow types, for war vessels and first- 
class battleships and various types of cruisers 
and destroyers. These are built for the 
firm’s large naval marine engine works at 
St. Peter’s-on-Tyne, which are constantly en- 
gaged in engining the largest class of war 
vessels for the British and foreign navies, 
including cruisers and destroyers. ‘The most 
recent practice for war vessels, from first-class 
battleships to cruisers and destroyers, are 
turbines, for the manufacture of which the 
firm have built special works. 

The firm also build all types of torpedo 
vessels and destroyers at the Hebburn 
shipbuilding yard, in conjunction with their 
other works, and some of the fastest vessels 


of these types ever constructed are and have 
been turned out at these works, including 
the celebrated Vrper. 

A notable feature of the Forth Banks 
works is the extensive use of compressed 
air, which is distributed throughout the 
shops for the purposes of drilling, chipping, 
caulking, tube expanding, and other pro- 
cesses, and the compressor for which is 
operated electrically from a most interesting 
installation. 

The works and offices are electrically 
lighted throughout by flame and ordin- 
ary type open arcs, and also enclosed 
arc lamps, while for the purpose of lighting 
individual machines incandescent lamps 
are used. 

It will be seen from the above description 
that these high-class and extensive engi- 
neering works have been developed from 
the small beginnings described above by a 
continuous process of intelligent enterprise 
until they now rank among the most 
important of their class in England, and 
it is gratifying to electrical engineers to 
know that a firm of such experience should 
place such confidence in electrical drive that 
they do not consider it necessary to provide 
an alternative source of power for their 
works to that given by the Newcastle and 
District Electric Lighting Company, Ltd., 
whose steady engineering progress is well 
known. 


J. A. SEAGER. 


ELECTRICAL MEASURING AND TESTING 
INSTRUMENTS. 
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(Continued.) 


OR extra high pressures, say above 
20,000 volts, one of the latest types 


of electrostatic voltmeters is that of 
Jona, which Messrs. Everett, Edgcumbe have 
placed on the market in this country. In this 
pattern, with which pressures up to 200,000 
volts may be measured, it is obvious that very 
special precautions have to be taken as 
regards insulation, to prevent the instrument 
itself reading inaccurately, due to leakage or 
breaking down at weak points, and also to 
ensure perfect safety to the operator. The 
general appearance of the instrument is 
shown in Fig. 10, whilst a sectional view is 
given in Fig. 11. 

The pressure to be measured is applied to 
the two terminals A and B, of which the 
former is connected to a sheet of tin-foil on 
the outside of the stout cylindrical glass 
vessel D, and, when electrified, this plate 
induces a charge on another tin-foil sheet, 
E, on the inner side of the glass The 
terminal B is in metallic contact, through 
the supporting strip K, with the suspended 
and movable plate, C, of the measuring 
system. C is connected to the index and is 
suspended by the metallic strip from one 
end of an arm, the other end being attached 
to a spindle pivoted, in the usual manner, 
in jewel bearings, and having a pointer and 
scale. C is, therefore, attracted by E with 
a force which is dependent on the pressure, 
and its value can consequently be read on 
the scale at F. 

The fixed and movable plates are im- 
mersed in transparent insulating oil, which 
nearly fills the vessel D. The presence of 
the oil both damps the oscillations, ensuring 
deadbeatness, and prevents danger of 


sparking across. Since the attractive force 
depends on the nature of the oil, the instru- 
ment is calibrated with that oil which is 
subsequently to be used. 


THE JoNA ELECTROSTATIC VOLTMETER FOR 
Extra Нісн TENSIONS, 
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The light movable plate C is surrounded 
by and is in metallic connection with a 
metal shield or protector, G, which is, 
therefore, at the same potential, and which 
effectively prevents any external electrostatic 
fields from interfering with the accuracy. 
of the readings. 

There is an adjustable controlling weight, 
H—a pair of weights are usually provided, 
which give two sensibilities, the one double 
the other. The scale is almost evenly 
divided through the working range. 

A new frequency recorder just intro- 
duced by Messrs. Everett, Edgcumbe has 
for its chief working parts a small series 
motor direct-coupled to a small magneto- 
dynamo. ‘The combination is such that the 
motor running with plain iron armature 
keeps synchronism with the alternating- 
current supply, and the magneto gives 
voltages which are directly proportional to 
the speed, z.e., to the frequency, and these 
are recorded in the usual manner by a 
recording voltmeter. 

The important part is the neat adaptation 
of a change-over switch by means of which 
the small motor-generator set is brought up 
to speed as a series motor on the aiternating- 
current main, the changing over of the switch 
cutting out the winding on the rotating iron 
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SECTION OF THE JONA ELECTROSTATIC 
VOLTMETER. 


armature, and, of course, 
leaving the set running 
in synchronism as а 
simple iron armature 
synchronous motor. 
The importance of 
relays ав switchboard 
accessories is becoming 
so great that a form of 
alternating-current over- 
load relay lately placed 
upon the market by this 
firm cannot well be 
passed over. It is 
based on the induction 


* Illustrations by permission of Messrs. Constable & Co. 
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FLICKER ТУРЕ PHOTOMETER HEAD. 


principle and is shown diagrammatically 


Fic. 13. 


in Fig. 12. A shaded-pole electro-magnet 
RC urges a disc D in the direction indi- 
cated, and a weight W, keeps tight a cord 
E which passes round the spindle. The 
pivoted arm carrying the weight УУ, and the 
contact C is thus raised, until the circuit is 
closed by the latter. A permanent magnet 
PM induces Foucault or eddy currents in 
the moving disc D, and thus retards its 
motion. Consequently, the heavier the 
overload, the more rapidly the disc rotates. 
The time-lag at any particular overload can 
be altered by varying the travel of the 
contact lever by means of a small screw S. 
A distinct advantage possessed by this 
method is that the time curves are absolutely 
identical for all time settings. This is 
essential if discriminating action is to be 
obtained, as, with those relays in which 
the regulation is performed by varying the 
damping, the time curves show a ten- 
dency to meet at a point corresponding to 
some three or four times the normal full 
load, because of the disc reaching a syn- 
chronous speed which is not exceeded, 
however great the overload, so that, whatever 
may have been their time settings, two relays 
in series may go off in the wrong order, 
which, of course, is fatal. To mention an 
example, in the event of an earth on a feeder 
the circuit-breaker controlling it must open 
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before that on the generator, otherwise all 
the feeders would be shut down. 

The relay is also so constructed that it 
works at a constant induction throughout, 
so that the curves for various current settings 
are also identical. The current setting is 
carried out by means of adjustable shunts, 
RS, any one of which can be joined in 
parallel with RC by means of a plug. If 
the regulation were performed by varying the 
control weight, the curves would vary con- 
siderably, owing to the saturation of the 
core. 

In view of the industrial importance of 
accurate photometry, instrument manufac- 
turers have given, during the last few years, 
a good deal of attention to the production 
of apparatus of the greatest reliability and 
refinement. Accurate work has become of 
the greatest practical and commercial impor- 
tance. Ап obvious example is furnished by 
the contemporary rivalry between the con- 
flicting interests of gas and electricity 
undertakings. 

The Everctt-Edgcumbe combined flicker 
and inclined screen photometer head (Fig. 
13) possesses all the advantages of the flicker 
head in addition to those of the contrast 
type. In fact, it can be used either as a 
flicker photometer or as an inclined screen 
photometer. A sectional view is shown in 
Fig. 14. Light from the standard lamp falls 
on a screen, which may be either rotating 
or stationary, according to whether it is 
being used as a flicker photometer or not. 


Fic. 14. SECTION OF FLICKER PHOTOMETER HEAD. 
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The adjustable screen at the same time 
receives light from the comparison lamp. 
An important feature is that the adjustment 
can be made either by varying the distance 
of the lights from the photometer in the 
ordinary way, or by altering the angle of one 
of the two illuminated screens. Thus, 
instead of having to move a comparatively 
heavy mass, the final adjustment can be 
made by means of a light milled head on 
the photometer itself. Further, the rays of 
light from the lamp under test strike the 
photometer screen perpendicularly, so that 
angularity errors are entirely avoided. The 
adjustable screen also greatly increases the 
possible range of measurement. Amongst 
the many applications of this apparatus may 
be mentioned the following: the scale can 
be used to indicate the percentage by which 
a number of lamps differ from a particular 
standard ; also in the photometry of very 
high candle-power lamps, the illumination 
received from them can be reduced in any 
required proportion by adjusting the movable 
screen, and by this means they can be 
balanced against an ordinary standard lamp 
even in a photometer room of restricted size. 

The chief featuresof anew workshop poten- 
tiometer, introduced by this firm, are its por- 
tability and its compactness. The ordinary 
potentiometer is too cumbersome and refined 
for workshop use. This instrument has been 
designed for such work as checking am- 
meters, voltmeters, and wattmeters on site, 
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and also for photometer work. One 
of the new patterns is designed specially 
for the latter work, and has three current 
ranges for maxima of .3, 1.5, and 6amp., 
and volt ranges of 75, 150, and 300 volts. 
The galvanometer supplied is amply sensitive 
enough for all ordinary commercial work, 
and is self-contained in the case. The slide 
wire, which is circular, gives a scale roughly 
12in. long, and in series with this are 14 
similar coils, so that the effective scale 
length is about 15ft. The cadmium or 
Clark cell contained in the case is readily 
removable. Various shunts can be supplied, 
thus extending the range of the instrument 
to any required degree. If in any special 
cases additional sensibility is required pro- 
vision is made whereby an external reflecting 
galvanometer can be em- 
ployed at will. 

A simple and efficient 
overhead trolley equip- 
ment tester is now being 
made by Messrs. Everett, 
Edgcumbe. Rule ro of 
the Board of Trade Regu- 
lations states that: “Each 
separate insulator on the 
overhead conductors shall 
be tested not less fre- 
quently than once in a 
month, and any insula- 
tor found to be defective 
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Fig. 17. 


shall at once be removed, and an efficient 
insulator substituted.” 

The daily insulation test of the entire line 
from the station obviously affords no indica- 
tion, owing to the fact that there are two 
insulators in series at each point. On the 
other hand, to test each insulator periodically 
by means of a tower waggon or even a pole 
and contact is an almost impracticable task, 
especially on long lines or in crowded streets. 

To overcome these ditficulties, a system 
of testing from the car itself has been devised 
in conjunction with Mr. A. H. Pott, and the 
form of the apparatus as placed on the 
market is shown in Fig. 15. It consists of a 
light aluminium frame which is clamped to 
the boom, and carries a wooden cross arm 
pivoted at its centre. This arm carries at 
each end a light steel spring, which, as the 
car travels along the route, makes momentary 
contact with each span wire, as shown in the 
illustration. Тһе pivoted arm also carries 
a small fork fitting round the trolley head in 
such a manner that, however much the latter 
turns sideways, the cross bar always remains 
accurately at right angles to the trolley wire. 
This condition is fulfilled even when the 
boom swings right out to the side of the car, 
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whilst at the same time there are no pro- 
jections which can catch in the overhead 
construction. 

During a test the car is usually run ata 
speed of seven miles per hour, though there 
is practically no limit in this direction, so 
that no special trip need be made. A good 
practice is to send out the apparatus on the 
first car travelling along each route every 
day or once a week. 

Fig. 16 shows diagrammatically the method 
of testing the insulator B. If the latter be 


faulty, a current will flow from the trolley 
wire through the detector and the contact 
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spring to the span wire, and thence to earth 
through the faulty insulator and the pole. 
For the test of insulator А, the detector is 
connected between the contact spring and 
earth, and will show a deflection should the 
insulator be faulty, and the span wire 
thereby made alive, as the trolley passes 
under the faulty insulator. A compact 
change-over key is fitted, whereby either the 


А or B insulators can be tested at will 


without any alteration being required in the 
connections, 

The rail-bond testing set supplied by the 
same firm is illustrated in Fig. 17, and is of 
а very simple and compact character. It is 
made in two forms, viz., with contact-maker 
for use on tramway systems, and with special 
contact for testing the live rails of electric 
railways. It may also be used for testing 
ordinary rails, which are bonded for signal- 
ling returns. With this apparatus it is 
claimed that the effects of varying contacts 
are rendered practically negligible. 

The following are details of the newest 
forms of measuring instruments introduced 


by the Electrical Company, Ltd. Fig. 18 
gives a perspective view of the general con- 
struction of their continuous-current ampere- 
hour motor meter with self-adjusting brushes. 
It is built as a two-wire meter in various 
sizes for currents ranging from 1.5 to 
goamp., and for supply voltages up to 
500 volts. 

The meter consists of a small motor 
whose armature revolves in the field of a 
powerful permanent magnet. "The armature 
windings are carried on a metal bell (Fig. 
20), and are connected to a three-part com- 
mutator of very small diameter. Two gold 
brushes bear on the latter and are con- 
nected to the ends of a low-resistance shunt 
which bridges the terminals of the meter. 
The current of the circuit divides in the 
meter into two parts: the one flows through 
the shunt and the other through the 
armature windings. The interaction of the 
armature current and the flux of the per- 
manent magnet produces the driving torque 
proportional to the main current, resulting 
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in the rotation of the armature. As the 
latter revolves round the stationary iron core 
between the permanent magnet, eddy cur- 
rents are induced in the metal bell and 
produce the retarding torque proportional to 
the speed. When steady motion results, 
neglecting friction, the speed is directly 
proportional to the current. A diagram of 
connections is shown in Fig. 19. The 
elements of the meter are mounted on an 
шоп base-plate, which forms one of the 
special features of this so-called ** EC " type 
of meter. Iron can be used, as the powerful 
steel magnet of the meter is fixed to the 
base plate as its neutral zone. Іп this way, 
a sound mechanical construction is obtained, 
and any distortion due to springing, &c., is 
entirely prevented. 

Another special feature of the “EC” 
meter is the use of self-adjusting brushes and 
a twisted commutator, by means of which 
a higher degree of accuracy is obtained, 
together with large permanency of calibra- 
tion. An electromagnet in series with the 
revolving armature automatically shifts the 
position of the brushes on the commutator, 
the segments of which are twisted at their 
lower ends. A two-fold purpose is served 
by this combination. In the first place, 
variable-contact resistance between the 
commutator and the brushes, typical of all 
meters of this class, is compensated for. 
‚ Secondly, the brushes are made to occupy 
the best position for commutation and the 
production of maximum torque, esfecially at 
low loads. The least variation in friction 
produces a corresponding change in the 
armature current and an immediate altera- 
tion of the position of the brushes due to 
the action of the electromagnet. ‘lhe 
brushes are kept in a constant state of up- 
and-down motion so long as not only the 
contact between them and the commutator 
varies, but also for any variation in the 
armature current due to alterations of load. 
Owing to the commutator segments being 
spirally-shaped at their lower ends, this 
motion of the brushes also alters the position 
of commutation and the torque, and the 


Fic. 21. Two-RATE METER. 


design is such that at the low loads the 
torque is relatively a maximum. 

The commutator segments are straight 
towards the top, so that the position of com- 
mutation and the torque at the high loads are 
not affected by the travel of the brushes. 
The reason for this is that the meter is 
practically unaffected by friction on the 
high loads. 

It will be readily seen that shifting the 
brushes axially in conjunction with the 
twisted commutator exactly corresponds to 
shifting the position of the brushes round a 
commutator with ordinary straight segments 
for the purpose of increasing or decreasing 
the load to obtain the most favourable com- 
mutation, as with an ordinary motor. 

Fig. 22 gives an error curve showing the 
influence of the twisted commutator; the 
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dotted curve is that of an ordinary ampere- 
hour meter with straight commutator seg- 
ments. 

The armature has three former wound 
coils mounted on the metal bell, and the 
windings embrace the poles of the magnets 
on both sides, so that all the lines of force 
emanating from one pole to the other are 
fully utilised. 

The meter is calibrated to read either in 
ampere-hours or in B.O. T. units on a jump 
cyclometer counter at the supply-pressure in- 
dicated on the name-plate. Two covers аге 
provided, one for the meter proper and the 
other for closing the terminal compartment. 

А two rate meter is illustrated in Fig. 21. 

The latest form of single-phase alternating- 
current watt-hour meter for inductive and 
non-inductive loads manufactured by the 
Electrical Company, Ltd., is illustrated in 
Fig. 23. The meter, type “LJ,” is an 
induction meter on the principle of Ferraris, 
and is built for pressures up to 230 volts 
and for various currents ranging from 3amp. 
to soamp. for both two and three-wire 
circuits. 

The meter consists of a split-phase induc- 
tion motor which drives a magnetic brake 
and a counter. An aluminium disc com- 
prises the rotating element of the meter, 
whilst the electro-magnetic system producing 
the driving torque consists of a. three-limbed 
magnet situated above the disc with its yoke 
arranged below the latter (Fig. 23). The 
pressure coils are on the outer limbs of the 
iron magnet, while the main current wind- 
ings are carried on the shortened middle 
limb. Тһе two pressure limbs are bridged 
by a magnetic shunt, and the pressure coils 
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Error CURVE, SHOWING THE INFLUENCE OF TWISTED COMMUTATOR. 


are energised by a current which lags by 
about 8odeg. behind the supply voltage. 
The angle of phase displacement between 
the current and pressure fluxes, of exactly 
godeg. when the current and pressure are in 
phase, is obtained by the aid or an iron angle- 
plate attached to the cast-iron base. Тһе 
free end of this angle-plate projects into the 
air-gap between the middle limb and the 
disc, and carries a short-circuited ring of 
copper. 

By the interaction of the shunt and series 
fields with the eddies induced in the disc, 
i.e., the shunt flux with the series eddies, and 
the series flux with the shunt eddies, the disc 
is rotated with a driving torque which is pro- 
portional to the product of the main current, 
the supply pressure and the power factor (7.e., 
Е х С хсоѕ.ф, where E=supply pressure, 
C-current, cos. = power factor) Тһе 
work performed by the meter in this manner 
is dissipated in eddy currents produced in 
the same aluminium disc by its rotation be- 
tween the poles of a permanent brake 
magnet. 

The meter is adjusted on low loads by 
means of a small iron plate attached to the 
brake magnet. "This friction compensator 
produces a distortion of the field, and can 
be moved nearer to or farther away from the 
left-hand limb of the driving magnet. A 
small piece of bent iron wire carried on the 
hub of the aluminium disc prevents creep- 
ing, 2.е., running on the shunt alone, with no 
current in the main circuit, even with 10 per 
cent. increase in the supply pressure. At 
the same time the meter starts with certainty 
with r per cent. of full load. 

With regard to the constructional details 


The ELECTRICAL MAGAZINE. (Measuring Instruments.) 


Upper Bearing Bracket 


Magnet Core 


Oil Caps tor Upper Bearing 
Shunt Coil 


Series Coil 


Shunt Coil 
Counter «—— — 


Regulating Shield for | 
Light Loads ) 


Brake Magne 


Lower Bearing Bracket 


Terminals g—————_ 


Fic. 23. 


st may be mentioned that the three-limbed 
magnet as well as the short-circuiting piece 
and yoke are built up of strips of annealed 
laminated sheet iron. The sheet aluminium 
armature disc is mounted on a steel spindle 
which carries a brass worm through which 
the counter is driven. The upper end of 
the spindle carries a small brass sleeve 
which forms an oil chamber in which is a 
ring collar bearing held by a cap. The 
flexibly supported pivot pin projects down 
through a small opening in the cap into the 
bore of the collar bearing. The lower bear- 
ing contains a steel ball which runs freely on 
a highly polished sapphire jewel, and is com- 
pletely immersed in oil. The lower bearing 


pivot of the spindle is cupped to the shape: 


of the ball. 

The brake magnet is adjustably mounted 
and fastened to the cast-iron base-plate by 
means of a brass angle-piece. Both the 
main meter cover and the terminal lid can 
be independently sealed. The integrating 
train consists of a jump cyclometer counter 
with the decimal portion painted red to 
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DIAGRAM OF THE LJ” Type METER, SHOWING CONNECTIONS. 


distinguish the decimal and unit figures. The 
instrument is calibrated to register direct in 
B.O.T. units. 

The International Conference on “ Electri- 
cal Units and Standards," held in London in 


NORMAL CELL. 
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Fic. 25. Метнор оғ MovNTING WESTON NORMAL 
CELL. Brass Case REMOVED. 
October, 1908, recommended that the 


Weston normal cell may be conveniently em- 
ployed as a standard of electric pressure for 
the measurement of both E. M.F. and current, 
in preference to the Clark cell, and there is 
little doubt that the recommendation will 
be adopted. 

This cell is of the type commonly known 
as the “Cadmium " cell in this country and 
the “Weston” cell in the United States. 
The Conference recommended the name 
* Weston Normal ” cell. 

It was early realised that the large tem- 
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Fic. 26. WESTINGHOUSE ТҮРЕ “ХХ” SINGLE-PHASE 


WaATT-HOUR METER. 


perature coefficient of the Clark cell was a 
very serious disadvantage in practical use, 
and experimenters turned their attention to 
constructing a cell which should combine the 
advantages of a very small temperature co- 
efficient with the reliability and constancy of 
the Clark cell. Тһе resulting Weston nor- 
mal cell has now been most thoroughly tested 
over several years' time, and is found to 
comply with these requirements in a very 
satisfactory manner. | 

As originally introduced by Weston, it was 
specified that the cadmium sulphate solution 
should be saturated at 4deg. C. and no 
crystals should be inserted in the cell. 
Later, however, it was found best to have 
crystals of cadmium sulphate always present 
so that the solution should be saturated at 
all temperatures, and the modern cell is thus 
constructed. Тһе original tube form of cell, 
specified by the Board of Trade, was greatly 
improved on by Lord Rayleigh by makiny it 
of the “Н” form, and this has been further 
improved on by Mr. F. E. Smith by making 
a constriction in the side of the vertical tube, 
so that the top of the layer of crystals is level 


‘with the smallest area of the tube, and since 


the crystals become loosely cemented 
together, a taper plug is formed by them 


INTFRIOR OF WESTINGHOUSE ТҮРЕ “М” 
SINGLE PHASE METER, 
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Fic. 29. V-FORM SCALE 
Type “Н," AMMETERS AND 
VOLTMETERS, FOR D.C. 


Fic. 28. V-ronM SCALE 
Tyee “|І,” AMMETERS AND 
VOLTMETERS, FOR A.C. 


which holds all the contents in their proper 
places, and makes the cell.a much more 
portable affair, so that it may be sent by post 
without danger. In fact, cells constructed 
in this manner by the Cambridge Scientific 
Instrument Company have been sent to 
Berlin, Paris, and Washington without suffer- 
ing any ill-effects from the journey. All the 
cells constructed by this well-known firm are 
of the “Н” pattern and hermetically sealed. 
Fig. 24 represents the cell diagrammatically, 
and Fig. 25 shows the cell as mounted with 
the brass case removed. It is lashed by silk 
cord to the framework, which in turn is 
screwed to an ebonite top. A hole in the 
ebonite top permits the insertion of a 
thermometer when desired. 

The high state of perfection reached in 
the construction of this type of cell, and the 
close agreement obtained between cells con- 
structed by different experimenters, are well 
illustrated by the fact that the mean e.m.f. 
of twelve cells sent from the National Bureau 
of Standards, Washington, U.S.A., to the 
National Physical Laboratory, was only three 
microvolts less than the mean of twelve cells 
constructed at the latter laboratory. Very 
great care must be taken in obtaining pure 
and uniform chemicals, particularly in the 
case of the depolariser, mercurous sulphate, 
which has been the cause of many of the 
variations hitherto noticed in standard cells. 


Fic. 30. "М" Type, DIRECT-CURRENT INSTRUMENT. 

The cell has so small a temperature co- 
efficient, that for many measurements it may 
be entirely ignored. For accurate work, how- 
ever, it must be applied, and the following 
formula determined by Wolff is suggested 
for universal adoption by the International 
Conference of 19c8 : 

E: = Е, – о.оооодоб (t — 20°) — 0.00000095 
(t — 20°)? + o.00000001 (t – 20°)’. 

This means that for changes in tempera- 
ture of two or three degrees above or below 
20deg. C., the e.m.f. of the cell decreases by 
between four and five parts in 100,000 per 
degree rise of temperature, or increases by a 
like amount per degree fall in temperature. 
It is advisable to keep the temperature as 
constant as possible, since it is found that 


Type “1,” ALTERNATING-CURRENT 
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Fic. 32. SILVERTOWN TESTING SET. 


there is a lag of e.m.f. with respect to 
temperature changes. However, when the 
temperature change is slow and of a few 
degrees only, the effect is very small. 

The resistance of the cell is usually about 
goo ohms. 

Mr. Smith’s investigations 
into the recuperative power 
of the Weston normal cell 
after short-circuiting are in- 
teresting. А cell short-cir- 
cuited for one minute was 
correct within a ten-thousandth 
of a volt one minute after- 
wards, but forty minutes were 
occupied in its recovery to 
one part in 100,000. A cell 
short-circuited for five minutes 
was one in 1000 low 
minute afterwards, but com- 
pletely recovered in one-and- 
a-half hours. А cell short- 
circuited for five days re- 
covered in one day to within 
two parts in 10,000, and 
completely recovered in six 
weeks. 

The terminals of the cell 
are well insulated from the 


one 
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brass case, but if very great insulation 
is desired the cell should be placed on 
a slab of paraffin wax. Only very small 
currents should ever be taken from the cell. 
Every cell sent out by The Cambridge 
Company has been tested by the National 
Physical Laboratory, and the certificate 
issued is supplied with tbe cell. It is 
probable that in the near future these certifi- 
cates will give the e.m.f. of Weston normal 
cells in International volts, instead of Board 
of Trade volts. The Conference (1908) 
recommended that the cell should be taken, 
provisionally, as having, at a temperature of 
Sodeg. C. an e.m.f. of 1.0184 International 
volts. 

One of the latest electrical measuring 
instruments manufactured by the Westing- 
house Company is their type N single-phase 
watt-hour meter, illustrated in Fig. 26. This 
meter embodies all the latest improvements, 
and has been specially designed to mcet the 
new conditions necessitated by the introduc- 
tion of metal-filament lamps. It will start 
under } per cent. of full-load current. 

Other special features are—small losses, 
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large driving torque, high insulation, un- 
affected by short circuits, low speed, reduc- 
tion of friction and wear to the minimum, 
exceptional accuracy and permanency of 
calibration ; it conforms on all points to the 
Engineering Standards Committee’s specifica- 
tion for supply meters. 

The meter, shown with the cover removed 
in Fig. 27, is compensated for friction, and 
shows no tendency to creep. The arrange- 
ment used as a compensator consists of two 
small pieces of stamped brass, forming coils 
of one turn per layer, and can be moved in 
position relatively to the iron circuit, thus 
constituting an exceedingly simple and neat 
device, which is rigid, and cannot move after 
adjustment. It is claimed that in this meter 
the ratio of torque to weightof moving element 
is very much greater than that obtained by 
competitors, and further, that this result has 
been got with the lightest moving element 
on the market, thus reducing friction and 
wear, and minimising the chances of the 
bottom jewel being broken. 


In cases where horizontal space on a 
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FIG. 34. 


switchboard panel is limited, the latest 
patterns of the edgewise ammeters and volt- 
meters of the Westinghouse Company will 
be found to be most suitable, since the 
width of the case of one of these instruments 
is only s]in. The principal feature of these 
instruments, however, and one not possessed 
by any other make, is the ** V " form of the 
scale, which design allows readings to be 
taken from practicallyany front position. With 
the usual flat scale, reliable readings can only 
be taken when viewed directly from the 
front, whereas it is sometimes necessary that 
readings be taken from positions consider- 
ably to the right or left of the instrument. 
This can be done easily and accurately with 
scales of the form shown in Figs. 28 and 29. 
The scale is long and distinct, enabling read- 
ings to be taken from a distance. 

In the “Н " type, for direct current, illus- 
trated in Figs. 20 and 3o, the magnetic 
system consists of two magnets bolted to a 
pair of soft-iron pole pieces. Enclosing the 


outer pole-piece, but not touching it, is a 
moving coil of fine wire wound on an oblong 
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aluminium bobbin, and attached to the 
framework of the movement. 


Fig. 28 shows the face, and Fig. 31 the 


interior, of the “I” type of instrument for 


alternating current. 

The Silvertown portable 
testing set for measuring 
conductor resistances of 
electrical circuits апа ap- 
paratus is well known. The 
very latest pattern, No. 
A1925, manufactured by m. 
the India-rubber, Gutta- | 
percha, and Telegraph Works Company, is 
illustrated in Fig. 32. It consists of a small 
portable Wheatstone's Bridge, together with 
a suitable galvanometer, mounted on an 
ebonite slab and fitted into a polished teak 
case. 

The adjustable resistance contains coils 
from 1 ohm to 4oo ohms, giving a total of 
1110 ohms. The ratio coils are so arranged 
as to require only two plugs, and by their 
means ratios of ten times, equality, and one- 
tenth are obtainable. Тһе range which the 
instrument can measure is therefore from 
o.1 ohm to 11,100 ohms, but by means of 
galvanometer deflections—in the well-known 
way—suitable resistances may be measured 
to hundredths of an ohm. 

The various parts of this cheap pattern 
have been so designed as to produce a most 
compact arrangement ; the resistances are 
not approximate, but are carefully adjusted, 
and all the plugs have ebonite tops. The 
galvanometer is similar in construction to 
those provided in the more expensive sets, 
and like these is fitted with a spring plunger 
lifting arrangement, so that the pivot and 
jewel may not get unduly worn or damaged 
when the instrument is being carried. A 
key is provided in the galvanometer circuit 
(fitted underneath the ebonite slab for pro- 


tection), which is actuated by the press 


button seen to the left in the figure. The 
galvanometer is calibrated, the scale being 
engraved in unequal divisions, which are pro- 
portional to the current strengths, and a 
mirror to prevent parallax error is provided. 
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Fic. 35. THE COHEN 


During the last few years great progress 
has been made in the subject of electrical 
pyrometry, and up-to-date manufacturers now 
realise the assistance that the electrician 
and physicist can give in measuring tem- 
peratures which are of vital importance to 
them. Many improvements have been 
made by Mr. R. W. Paul in the construction of 
his latest types of thermo-electric pyrometers 
and pyrometer indicators. The principle 
upon which the working of these instruments 
is based is that electrical pressure is generated 
by heating the ‘junction between two wires 
of dissimilar metals, which junction, usually 
called the hot junction, may be formed by 
fusing or welding the wires together. The 
other ends of the wires are connected to ter- 
minals suitably encased in a cold-junction 
box, and thence by insulated wires of any 
convenient length to a sensitive indicator or 
milli-voltmeter, which may be placed at a 
considerable distance from the hot junction 
and graduated to read directly in degrees of 
temperature. 

The indicators used in the earlier pyro- 
meters had certain disadvantages when used 
under workshop conditions, mostly duc to 
the necessity of great electrical sensibility in 
the indicator. Generally this has been 
obtained by the use of moving-coil volt- 
meters having the coil suspended by a 
metallic strip, the accidental breakage of 
which necessitated the entire adjustment 
and recalibration of the apparatus, which 
could usually only be done by the maker. 
Mr. Paul has overcome this difficulty by the 
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employment of his novel and well-known 
single-pivot method of pivoting the moving- 
coil of the indicator. "The coil hasone pivot 
only placed at its centre, and it is so balanced 
that the centre of gravity is brought to the 
point of the pivot, and therefore the instru- 
ment does not require levelling, ап impor- 
tant advantage when used under factory 
conditions. Moreover, it is not affected by 
vibration. When the instrument is lifted 
for carrying, the coil is automatically raised 
from the pivot, thus preserving the latter 
from injury. 

An objection to the earlier forms of 
thermo-electric pyrometers was the non. 
interchangeability of the thermo-couples, due 
to the fact that extremely small differences in 
the metals employed cause large discrepancies 
in the readings. This objection has been dis- 
posed of by an accurate standardisation of 
the pure platinum and platinum-iridium alloy, 
which respectively form the two metals used 
for the junction; also the couples now 
supplied are not only interchangeable as to 
e.m.f., but, when mounted in the necessary 
protecting tube, the resistance of each is 
brought up to a definite amount ; thus the 
couples and indicators are respectively inter- 
changeable, and the necessity no lonzer 
arises for the return of both to the 
maker, for adjustment to agreement 
with each other, in the event of 
elther being damaged. 

The portable form of Paul's 
single-pivot pyronieter indicator is 
illustrated in Fig. 33. The scale, 
about gin. in length, is horizontal, 


IOO 


and is furnished with a mirror to facilitate 
accurate reading. The wall type shown in 
Fig. 34 is arranged for fixing to the wall by 
means of a plate, to which the instrument 
may be hooked ; duplicates of this plate may 
be fixed up in different parts of the factory, 
and the indicator may be moved from one to 
the other as required. | When hooked on to 
the plate the coil 1s released automatically 
and the instrument is then ready for use. 
The scale 15 about 55in. long and is boldly 
marked for temperatures up to 14oodeg. С. 

The electric muffle furnace, also shown in 
Fig. 34, was originally designed for firing 
dental porcelains, but it may be used fcr 
hardening small tools, melting small batches 
of refractory substances, fusing enamels, and 
soon. The internal size of the muffle is 
25 X14 x iin... Current may be taken from 
any lamp-socket, as the furnaces are wired 
for voltages from 100 to 120, or from 200 to 
250, as required, the consumption being } 
unit per hour. The regulator shown has 
five stops for temperature adjustment. 

Mr. R. W. Paul has lately placed upon 
the market a new apparatus for producing 
small high-frequencv currents, and known 
as Cohen’s interrupter, Fig. 35. In most 
modern methods of measuring small in- 
ductances and capacities, such as are used 
in telephony and wireless telegraphy, a 
source of interrupted or alternating current 
is necessary. Ап electrically-driven vibrating 
wire has been frequently used to give an 
interrupted current, and this interrupter can 
be used in this manner for frequencies from 
20 to 500 per second ; its utility, however, 
has been enormously extended by the addi- 
tion of an extra oscillating circuit containing 
a set of inductances, a transformer, and an 
adjustable condenser. An alternating 
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current is produced in this circuit, 

and its frequency may be regulated 

to any value up to 3000 or more 

per second by adjustment of the 
condenser. Further, by using two 
oscillating circuits continuous waves 

can be produced, which is a great 
advantage when absolute measurements have 
to be made. 

The  interrupter consists of a steel 
wire provided with means for altering its 
effective length and tension, and bearing a 
soft iron armature ; the latter is maintained 
in vibration by means of a laminated electro- 
magnet, the circuit through which is made 
and broken by a platinum contact on the 
armature, which dips into a mercury cup. 
A separate contact and mercury cup are 
placed in the circuit which produces the 
alternating current, the frequency of which 
is quite independent of the wire frequency. 
The mercury cups consist of small glass 
tubes which are cemented into brass sockets 
through which the connection is made ; each 
socket is slipped into a carrier provided with 
a fine vertical adjustment, and can be 
readily removed for cleaning purposes, while 
the platinum wire contacts are also readily 
replaceable. 

Owing to the special design of the 
mercury cups and circuit it is possible to 
run the wire at full load without any appreci- 
able spark occurring at the mercury contacts. 
The output can be varied from any small 
value up to about 3 watts by varying the 
voltage of the oscillating battery, which for 
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ordinary measurements is about 4 volts. 
The battery supplying the electro-magnet 
should give from 25 to 3o volts. By a 
slight modification of the mercury cups the 
interrupter may be made to give an output 
of со watts. Several forms of oscillating 
circut can be used, of which the two 
principal may be described as “single 
action” and “double action” respectively. 

Fig. 36 shows the single action circuit, 
and also the wire driving circuit. The 
latter requires no explanation. The 
former consists of a platinum contact and 
mercury cup, which in the make position 
connects a battery to a capacity in parallel 
with an inductance and transformer primary. 
On the break between the cup and contact, 
oscillations are set up in the circuit ; by this 
method a series of damped trains of oscilla- 
tions of any frequency can be produced, 
the trains following each other with the 
frequency of the wire vibrations. Fig. 37 
shows an example of waves produced by 
this means ; any other frequency would be 
obtained by merely varying the capacity in 
circuit. This form of wave is particularly 
useful for telephonic measurements, and by 
using the correct frequencies, in conjunction 
with a barretter or other alternating current 
measurer, transmission measurements with- 
out the aid of the human voice and ear 
can be rapidly and accurately accomplished. 

By using two oscillating circuits, joined up 
as shown in Fig. 38, and connecting the 
secondaries to oppose each other, continuous 
waves can be produced. Fig. 39 shows a 
wave of 1020 periods per second produced in 
this manner ; such waves can be used for 
absolute, as opposed to comparative, measure- 
ments with a small resulting error. 
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ALTHOUGH a well-known 
expert expressed the 
opinion at the beginning 
of this year that the use of single-phase 
current for traction purposes had practically 
had its day and was indeed no more than a 
passing fancy, we have still to reckon with 
this system as one which is receiving the 
greatest attention from engineers both here 
and abroad. The completion of the elec 
trified section of the London, Brighton and 
South Coast Railway has been brought 
prominently to the public notice by means 
of a series of trial trips which have been 
run during the past few weeks and with 
entire success. At a recent meeting of the 
East London Railway the question of the 
electrification of the system was discussed. 
The lessons of the Metropolitan and District 
lines were criticised and the decision arrived 
at was to await the practical results which 
would soon be available with the running of 
the London, Brighton and South Coast 
single-phase railway upon public service. 

As indicating the interest which is being 
taken in the single-phase system of trac- 
tion on the Continent we are able to give 
some particulars of the combined Oerlikon- 
Siemens-Schuckert installation which 1s about 
to be put down on the Spiez-Frutigen line in 
Switzerland. Тһе system here is to be 
similar to that adopted for the well.known 
Seebach-Wettingen Railway and which 15 
also at the present moment being installed 
on the Wiesenthal Railway in Baden. The 
Spiez-Frutigen line will be operated by 
a 15,000-volt, single-phase current, 15 periods, 
the generating plant consisting of steam 
turbo-alternators. The trolley wire will be 
of the catenary suspension at a height of 
some 21ft. above the rails, the collectors of 
the motor cars and locomotives being of the 
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bow type. The maximum gradient on the 
Spiez-Frutigen line is 1.55 per cent., but the 
limiting gradient is found on the continua- 
tion of the system on the Loetschberg 
Railway, where the gradient is 2.7 per cent. 
The equipment of the tractors will therefore 
be designed to accommodate this latter 
gradient. Both motor cars and locomotives 
are to be used, the former about 65. long, 
having a full seating capacity of 64. They 
are mounted on two bogies and equipped 
with four single-phase motors of an aggregate 
output of 88ob.h.p. It is stated that so 
long as the running of these cars is confined 
to the Spiezlrutigen section of the line 
only two of these motors will be used. "The 
weight of the fully-equipped motor car will 
be 55 tons and the motors are capable 
of hauling a train of 160 tons dead weight 
up the gradient of 2.7 per cent. at a speed 
of 28 miles an hour. The locomotive 
intended for the line is to have a total motor 
capacity of гоооһ.р. and will haul trains 
of 310 tons at a speed of 25 miles an hour 
against the maximum gradient. In the case 
of the locomotive each of the two bogies is 
fitted with а roooh.p. single-phase motor, 
which is mechanically coupled to the three 
axles by means of gearing and rods. Thus 
the whole of the locomotive wheels are 
utilised for propulsion. 

It is interesting to note that these 
тоооћһ.р. motors will be the largest single- 
phase commutator-type machines ever built, 
and their operation. will consequently be 
followed with exceptional interest. Both in 
the case of the motor car and locomotive the 
line pressure of 15,000 volts is stepped down 
to a series of lower voltages corresponding 
to the different operating speeds of the 
motors. ‘The system is designed for a maxi- 
mum speed of 434 miles an hour, and whilst 
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it is intended that the motor cars shall take 
care of the regular service the locomotives 
are to be provided primarily for experiments 
towards deciding whether the electrical 
system now being put down is entirely 
suitable for operating the main lines of the 


railway. 
Ар 


Іх the preparation of food 
stuffs the electric motor is 
rapidly taking up an un- 
assailable position. There are few towns to- 
day, having public electric supplies, which are 
without the butcher as a power user. For 
the driving of mincing and sausage making 
machines it does not need any great discus- 
sion to reveal the exceptional merits of the 
cleanly, ever-ready little electric motor for 
these services. Hitherto small gas engines 
have held sway, and this reminds us of a 
young butcher who reported himself as in 
every way satisfied with the electric motor he 
used, but who had a grievance against the 
electrical man, which was that the salesman 
who sold him the motor indicated how by 
selling his existing gas engine he could get 
the electrical plant for next to nothing, 
whereas his trouble was that now he could 
not find a customer for the yas engine. 

Speaking of meat cutters, it is to be 
recorded that, at a large sausage factory in 
duffalo, what is claimed to be the largest 
machine of this type is driven electrically by 
à 2oh.p. induction motor connected with the 
Niagara Falls system. The bowl of this 
machine is 431п. in diameter and its six 
knives each have a cutting edge of 18in. 
The output of this huge machine is 25olb. 
in five minutes, the particular factory where 
it is installed having an average output of 
25,000lb. of sausages per day. It is interest- 
ing to note that this machine used to be 
driven by a steam engine and that a man 
was required to keep the engine up to 
running order, whereas with the motor no 
engineer is required, the starting and 
stopping being in the hands of the butcher 
attendant. 
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Whilst on this subject of the use of electric 
motors in preparing food stuffs it is interest- 
ing to record that an exceptionally large 
bakery in Belfast is now being fitted through- 
out with electric motors by the General 
Electric Company. The motors are used 
for an endless variety of purposes—dough 
mixers, dough turners and dividers, sack 
hoists, bakehouse plant, fruit machines, and 
for the several mechanics’ апа cartwrights' 
shops, Xc. In all some twenty motors are 
being put down. An installation of the 
General Electric Company which is attract- 
ing quite a considerable degree of attention 
is that of the Co-operative Wholesale 
Society's Flour Mills in Silvertown, which are 
equipped throughout with squirrel-cage 
induction -type machines. Іп this case 
upwards of fifty motors are in constant use. 
This plant is exceptionally interesting owing 
to the proved success of the induction motor 
in а service for which some doubt as to 
its suitability has been expressed. 


Ар 


OUR American cousins, 
true to their traditions, 
have lately entered the 
lists with a claim for one of their citizens as 
the original discoverer and inventor of the 
tungsten lamp. This credit is claimed by 
them for Mr. T. D. Bottone,an electro-chemist 
and inventor. It is said that he discovered 
the tungsten lamp when barely eighteen 
years of age in the year 1887, during the 
time he was associated with a lamp company 
in Harrison, N.J. His first patent is said to 
have been filed in September of that year, and 
subsequent patents appeared from time to 
time until August, 1889. Mr. Bottone was 
associated with a clergyman of considerable 
means, which enabled the inventor to carry 
his studies to something like finality. 


Ар 


THis well-known instru- 
ment, which is manufac- 
tured by Messrs. Elhott 
brothers, has recently been considerably 
improved by the addition of a simple attach- 
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ment that enables the hori- 


4% н е 
© ; zontal illumination from all 
`. sources to be measured. 


THE HARRISON UNIVERSAL PHOTOMETER 


Fic. 1. 


S,—Adjustable screcn attacked to pointer. 

P —Pointer on outside of case. 

S.— Revolving sector screcn for general illumination, 
S.—Screen for horizontal illumination. 

M —kReflecting mirror. 

L,L.—Standard lamps. 


The photometer is intended for the 
measurement of illumination on a screen 
making an angle of 4sdeg. with the vertical, 
and for the measurement of the candle- 
power of various sources of light. The 
instrument is provided with a flicker disc 
rotated by a blast of air under the control 
of the operator. By fixing the flicker disc 
to half cover the field of view of the eye- 
piece the instrument may be used as a 
direct comparison photometer, the illumina- 
tion of the source of light being compared 
directly with that of the adjustable screen 
inside the instrument illuminated by a small 
standard lamp connected to a self-contained 
accumulator battery. 

The recent addition to the instrument 
consists of a horizontal screen which is 
covered by a cap when the flicker disc is 
used. This cap has a hole through the 
centre, and forms the eye-piece of the instru- 
ment. When the cap is removed the 
horizontal screen is exposed, and by fixing 
the flicker disc out of the field of view of 
the eyepiece, by means of a small milled 
headed screw, the photometer can be used 
to measure horizontal illumination by direct 
comparison. The outline drawing of the 
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instrument, Fig. т, together with the 
enlarged view of the eye-piece, Fig. 2, will 
make the construction quite clear. 

The illumination to be measured is in all 
cases read off directly on the scale by means 
of the pointer shown, which is fixed to the 
adjustable screen, by moving which balance 
is obtained between the illumination of the 
source of light under test and that due to 
one of the small standard lamps inside the 
Instrument. 

From the foregoing it will be seen that 
the following tests can be made with the 
instrument :— 

1. Candle - power C C S3 
by means of flicker 
disc. 

2. Candle - power 
by direct comparison 
method. 

3. Illumination on 
screen at an angle 
of 45deg. by flicker 
disc. 

4. Illumination on 
screen at an angle 
of 45deg. by direct comparison method. 

5. Horizontal illumination by direct com- 
parison. 

The original features of the instrument 
have all been retained and the new model is 
just as simple to manipulate as the older 
pattern. The advantages of the instrument 
consist of:— 

Light weight and portability ; wide range 
due to use of two standard lamps of different 
candle powers; permanent connection be- 
tween battery and rest of circuit, which need 
never be disconnected for charging purposes, 
&c. ; battery, standard lamps and flicker disc 
may be readily removed from instrument 
for inspection, without disconnecting or 
altering any adjustments ; easy and accurate 
manipulation due to arrangement of pointer 
screen and flicker disc. We may mention 
that the addition of the new horizontal 
attachment does not increase the cost of the 
instrument owing to its simple construction 
and method of manufacture. 


Eniarged view of eyepiece 
Fic. 2. 

C—Cover cap. 

G—Glass in eye-piece. 


5,--5сгееп for borlzontal 
illumination. 
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AN improved method of 


The Electric Ағс carrying out gas reaction 


and Gaseous 


Reactions. processes, by the use of 
high - tension alternating 
arcs, is described in the “Zeitschrift für 


Elektro Chemie.” Such a process is, for 
instance, the fixation of atmospheric nitrogen, 
for which purpose large plants are being 
laid down in Germany. Hitherto the series 
of arcs, which are of high power, were 
energized by an alternator, the stator coils 
of which were connected in series. А varia- 
tion of resistance in one arc affected the 
whole circuit ; if more than one arc varied, 
the effects became cumulative, and heavy 
fluctuations of energy were experienced. 
making the plant difficult to control and 
uneconomical in operation. The starting 
up of the plant was attended with special 
difficulty. The new arrangement provides 
as many coils in the stator of the alternator 
as there are arcs to be energized, and each 
coil is connected independently to one arc, 
so that any fluctuations of energy at the arc 
are confined to its particular coil and have 
no effect on the other circuits. 

The arrangement produces economy both 
in first cost and in the cost of energy. 


Ap 


THE design of electrical 
motor controlling and 
starting apparatus calls 
for much expert knowledge and wide ex- 
perience. So much is this the case that 
many firms engage almost solely in this 
branch of manufacture. Тһе chief features 
of the controllers made by the Electric and 
Ordnance Accessories Company, Ltd., are 
the fireproof and non-hygroscopic nature 
of the materials employed, enabling them 
to be used with satisfactory results even 
in damp places. The contact fingers are 
placed in separate fire-proof chambers, and 
are of stout hard drawn copper. Between 
the fingers and the brass carriers 1s a phos- 
phor-bronze spring, and the current 15 
shunted across this by means of a copper 
laminated contact, thus effectively preventing 
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heating of the spring. <All direct current 
controllers are fitted with powerful magnetic 
blow-out coils, which are in series with the 
circuit control. Тһе blow-out arm can be 
swung back, giving easy access to the 
fingers, Nc. In the vertical type controllers 
the operation of the drum is made easy by 
the use of a ball-thrust bearing at the base. 
In addition a pawl and disc attachment 
produces a snap action which renders it 
impossible for the controller arm to be 
left in any intermediate position between 
the contacts. Large numbers of these con- 
trollers have been supplied to the Admiralty 
for use in dockyards and on battleships, &c., 
and in addition they have been largely taken 
up by leading crane-makers. 

The motor starters of this firm are 
manufactured in the usual types, viz., open, 
enclosed, water-tight and gas-tight types, and 
can be fitted with either no-volt release or 
no-volt and overload releases. Jhe starters 
are designed for the purpose of starting 
only, and are rated to do so against an 
overload of so per cent, the test before 
shipping being made on this basis. Starters 
for motors above roh.p. are fitted with 
renewable contacts, which can be replaced 
without interfering with the connections. 
The resistances fitted with these starters 
are designed to give equal increments of 
current between each stop, thus starting up 
the motor gradually and without sparking ; 
also care has been taken to keep well within 
the sparking voltage between successive 
studs, this being an important feature in 
starters for voltages of higher than 250. 
The resistance units are of special material 
and unbreakable, and will not deteriorate 
through long and frequent use. They are 
incombustible and do not smoke or smell 
wheninuse. The resistances are of the matt 
type, constructed of material which is im- 
pervious to moisture, and which are in 
detachable units. 

A starter of great interest is the autograd 
motor starter, Fig. r, as manufactured by 
this firm. This has been specially intro- 
duced for use in industrial situations where 
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the plant is leít in charge of unskilled and 
incompetent employees. The only motion 
needed is to push the handle into the 
starting position; the automatic gradual 
starter does the rest. This is achieved by 
means of a small pot magnet on the starting 
lever, which, when moved over, attaches 
itself to an armature on the contact arm, 
and a flat steel spring behind the slate 
draws the contact arm over the contact 
plates. Тһе speed of this arm is regulated 
by a dashpot, and the motor is thus pre- 
vented from starting up too rapidly. An 
overload device is provided, and operates 
immediately an overload or short-circuit 
takes place. It also operates with equal 
efficiency when the switch is in the full-on 
position, and if an overload occurs during 
the act of switching on, the pot magnet is at 
once de-energised, causing the starting lever 
to fly back to the original position, while the 
contact arm moves back to the starting 
position. The controlling action of the 
dashpot renders it impossible to accelerate 
the switch sufficiently to cause damage to 
the motor, and the whole starting device 
ensures the motor-starter being entirely 
fool-proof. 

For use in conjunction with starters and 
other general house-lighting installations, 
the enclosed switch combined with cartridge- 
type fuses, shown in Fig. 2, is in good 
demand ; this dispenses in many cases with 
the objectionable practice of having the 
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main switch and fuses distinct. The device 
is enclosed in a substantial cast-iron case, 
perfectly water-tight, gas-tight, and fireproof ; 
it is, therefore, suitable for use in any posi- 
tion. The switch is of the lever type, and 
makes absolutely quick make and break. 
The switch lever is not solid with the make 
and break mechanism, but is quite free, and 
operates in a loose link, the quick make and 
break, therefore, being altogether indepen- 
dent of any retarding effect caused by the 
slow movement of the person opening or 
closing the switch. This apparatus is 
suitable for lighting and power circuits up 
to 600 volts. 


Ар 


THE great and rapid 
strides which have been 
made in the utilization 
of electric power in and 
about collieries and mines during recent 
years has naturally resulted in an ever- 
increasing demand for books which deal 
specificaly with this branch of electrical 
practice. Many and diverse have been the 
publications of this character published even 
during the past year; some compiled by 
mining engineers, others by electrical 
engineers - books complete in themselves 
to be had for a few shillings, and multi- 
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volume treatises to be had on the easy- 
payment system. It is to be noted, too, 
that these same new books are as diverse 
in character as in form of publication, and 
some few entirely miss their object, being 
neither of electrical nor of mining value. 
The latest arrival is a book published at 
half-a-guinea by Messrs. Scott, Greenwood, 
and Son, entitled “Тһе Electrical Equip- 
ment of Colheries,” and upon which Mr. W. 
Galloway Duncan, electrical engineer, has 


collaborated with Mr. David Penman, col- 


liery manager. The result of this promising 
alliance is good; there is a real practical 
and commercial value attaching to the work 
‚ which will be duly appreciated by engineers. 
We do not know that it is really necessary 
in a book of this description to open the 
subject with surmises as to the nature of 
electricity, introducing the legend of amber 
rubbing and passing on to the principles of 
cells, porous pots, magnetic polarity, &c. 
In the book under notice, however, there is 
little cause for complaint on this score, for 
only a dozen or so pages of such elementary 
matter require to Бе: "skipped" and the 
reader is at once amongst practical, modern, 
electric power machines. "The descriptions 
and illustrations of electric plants and the 
facts relating thereto are concise and valu- 
able in that the authors are evidently keenly 
alive to the requirements of the colliery 
engineer. Of exceptional value are the 
chapters which deal with the transmission 
and distribution of power and with the 
initial outlay and working cost of electrical 
installations. The section of the book 
which gives actual money values of various 
machines and plant introduces also figures 
of comparison, such as, for instance, motor 
versus steam driving; gas, steam-engine, 
and steam-turbine units; transmission losses 
and plant efficiencies. The figures quoted 
may be accepted as reliable, and in this 
feature alone the book will prove to be the 
one long sought for by very many colliery 
men, and which incidentally is likely to be 
the means of saving the electrical plant 
manufacturer some considerable time, labour, 
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and expense; for the average colliery 
engineer, contemplating an electrical ven- 
ture, usually gets some half-dozen or more 
of the leading electrical firms to tell him 
what he needs, quote to those needs, modify 
the specification and requote, and so on— 
all very expensive work for which no charge 
can be made, and which not infrequently 
ends in the postponement of the projected 
venture síne die. Every electrical firm has 
stacks of correspondence, estimate sheets, 
and drawings marked “ dead " or “ in abey- 
ance," as a sorry monument to the lack of 
such information in colliery circles as this 
book contains. 
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THE many experiments 
that have been made 
during the past few years 
in this country and abroad towards the fixa- 
tion of atmospheric nitrogen have resulted 
in the consummation of providing products 
for the commercial market. The Birkeland- 
Eyde process is in full commercial operation 
in Norway, and its product in the shape of 
nitrate of lime 1s now on the British market 
for the benefit of agriculturists. Small 
quantities of this material were certainly 
to be obtained last year, but now it is 
available in bulk. The new fertiliser is 
supplied as a fine powder which is perfectly 
soluble in water, is without odour, and is 
therefore ideal for treating the land. It has 
already, in the one or two tests that have 
been made, demonstrated great possibilities. 
For example, Prof. John Percival, Director 
of the Agricultural Department, University 
College, Reading, publishes the results of 
some tests which he made with mangold 
growing. The respective yields per acre 
with fertiliser at the rate of ісу. per acre 
were, with nitrate of lime 37 tons, nitrate of 
soda 36} tons, calcium cyanamide 35 tons, 
sulphate of ammonia 325 tons, and with no 
nitrogenous manures 27% tons. Another 
test carried out by Mr. Patrick Wright, of 
the West of Scotland Agricultural College, 
showed that with oats the addition. of 
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nitrate of lime in place of nitrate of soda, 
with other phosphates and potash, gave an 
increase in grain of some 14 per cent. and 
5 per cent. in straw. It is little wonder 
that in view of these figures, which certainly 
support the claims of the makers, the new 
fertiliser is attracting widespread interest 
in agricultural circles. 


Ae 


OwiNG to the increasing 
demand for their well- 
known specialities in the 
district, the Dexine Patent Packing and 
Rubber Company, Ltd., announce that they 
have found it expedient to open a new ware- 
house and stores at 74, South Castle Street, 
Liverpool. The new premises carry a large 
stock of jointing rings, pump buckets, man- 
hole rings, and the numerous packing and 
jointing specialities listed by the firm. The 
Liverpool branch is under the management 
of Mr. Charles Gibson. Asa substitute for 
rubber, and in many cases as an improve- 
ment upon that always expensive material, 
for mechanical purposes the Dexine products 
have become firmly established and are in 
ever-increasing demand. To those connected 
with the operation of power plants and who 
are not yet familiar with Dexine it will be 
sufficient to indicate that it is an elastic and 
stable material which will withstand con- 
tinuously temperatures up to 350deg. F., and 
in the form of pump buckets is guaranteed 
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for working pressures up to 5oolb. per square 
inch. For this particular service, 2.е., for 
pump buckets, its superiority to leather is 
self-evident, the specific claims of the makers 
being that it will not soften or change its 
nature in steam, hot, or cold water, and that 
it introduces less running friction or wear- 
and-tear than any other form of bucket. 
The illustration, Fig. 1, shows the method 
of attaching Dexine buckets to an ordinary 
pump piston. 

For steam main packing Dexine can be 
obtained either in sheets or rings; it is 
claimed to be perfectly safe for use with 
super-heated steam and for pressures of 3oolb. 
per square inch. Smaller specialities are the 
inadhesive packing rings supplied for stop 
valves, throttle valves, sluice, feed, scum, 
blow-off valves, &c. Complete valves of all 
shapes and sizes and of both the dish and 
flap types are also made and guaranteed to 
be in every respect superior to rubber. Hard 
valves are made for straight lifts, and in 
practice these have been used for many 
months under a 270ft. head without the grid 
mark being scarcely perceptible on the valve, 
and giving practically noiseless operation. 

The second illustration, Fig. 2, shows the 
form and method of fitting Dexine gauge glass 
rings and is self-explanatory. It is of par- 
ticular interest to know that Dexine can also 
be used as a substitute for ebonite and hard 
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fibre for insulation and electrical accessory 
purposes ; it can be moulded into practically 
any design, can be readily tooled, and will 
make a fine thread. In some of its forms 
it is widely used for electrical gloves, trolley 
insulators, sleeves, bobbins, switch handles, 
insulating ground mats, sheets, «с. Al- 
together, as will be gathered, Dexine is 
proving itself to be one of the most important 
and valuable of materials at the disposal of 


engineers. 


THis is essentially the 
age of the  polyphase 
induction motor. What- 
ever may have been the 
reason for hesitation in putting down alter- 
nate-current industrial plants—whether it 
was the reputed complexity of the three-wire 
alterate-current network, the inability of the 
motors to take up heavy starting loads, or 
its lack of fine and wide speed variation-— 
all these seem to have been set aside once 
and for all. The greatly superior merits 
of the induction motor in the form of great 
reliability, simplicity, minimum wear-and-tear 
and maintenance charges, freedom from fire 
risks, and independence of adverse surround- 
ings and skilled attendance, have become 
definitely established to the point of seeing 
the gradual extinction of direct-current 
motors in workshop, mill, factory and mining 
practice. 

In the case of wood-working shops, flour 
mills and collieries, heavy power motors are 
frequently required to start up under full 
load and always need to be so enclosed 
or designed as to render the firing of the 
surroundings by electric spark an impossi- 
bility. The enormous expense of large-sized 
totally-enclosed direct-current machines, or 
the expense and frequent impracticability 
of housing direct-current motors in cubicles 
connected by flues with the outer air, as 
required by fire-office regulations, has meant 
the exclusion of direct-current plant and the 
perfecting of induction motors. Squirrel- 
cage induction motors never require any 
more enclosing than can be got by the 


The Supremacy of 
the Indaction 
Motor. 


(World’s Electric Progress.) 


109 


end gratings, which prevent accidental 
mechanical injury to the machine, but which 
allow of a full natural ventilation of the 
windings. The auto-transformers or starting 
and controlling gear are arranged to work 
with all live parts entirely immersed іп 
heavy oil—indeed, no part of the metallic 
electrical circuit need һе exposed to the 
open air; the cables to and from the 
starter pass direct into the oil tank and 
are insulated throughout their entire length 
right into the stator windings of the 
motor. Soldered connections are made to 
the motor leads, and the joints perfectly 
insulated as for a simple cable joint. 


A 


AT a recent meeting of 


а the Institution of Elec- 
Surface Contact : : 
System. trical Engineers, a paper 


was read by Mr. Stanley 
Clegg, manager of the Lincoln Corporation 
Tramways, giving his experience of the 
С.В. surface contact system, which has been 
running successfully for three years. 

The paper and subsequent discussion are 
of special interest in view of the difficulties 
experienced by the L.C.C. with the track in 
the Mile End Road, London. 

Although Mr. Clegg compared the G.B. 
system with the common overhead trolley 
installation, it really competes with, and is 
more comparable to, the conduit system. In 
both systems the transmission is under- 
ground, and the visible portions, namely, the 
contact studs in the one case, and the slot 
rall in the other, are flush with the road 
surface ; hence, unlike the trolley system, 
they do not affect natural or architectural 
beauties of the locality, nor do they offer any 
obstruction to the traffic—a fact of great 
importance in busy cities. According to 
Mr. Clegg, the G.B. system only costs 10 
per cent. more than the overhead trans- 
mission, whereas the conduit costs about 
double, without taking into account the 
special work which may be necessary, owing 
to the depth of the conduit, its comparative 
inflexibility and drainage requirements. 
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The G.B. underground transmission is 
completely sealed, so that drainage need 
not be considered ; further, the transmission 
IS continuous at points and crossings, 
whereas the conductor rail in the conduit 
has to be interrupted at such places. 

As regards the safety of the public, the 
conduit system stands first. With the trolley 
system there is always the remote danger 
of the wire breaking and the live conductor 
falling amongst the street traffic.. The 
danger with the G.B. system, and this also 
has possibly been exaggerated, lies in the 
chance of a stud remaining alive after the 
car has passed over it; but every car has a 
trailing brush which indicates the existence 
of a live stud, and measures can be taken to 
prevent accident arising therefrom. It is 
significant that in the whole three years of 
working at Lincoln there has been no 
accident. 

Mr. Clegg compares the G.B. system with 
the trolley system, to the advantage of the 
former ; but it will be a long time, if ever, 
before the well-proved trolley line gives way 
to any extent to the surface contact. 


Ар 


Еок years advantage has 
been taken of the fact 
that the nature of steels 
may һе rendered more suitable for 
special work by the admixture of metals 
such as manganese, silicon, aluminium, 
nickel, phosphorus, titanium, vanadium, 
chromium, &c.—different metals affecting 
the hardness, ductility, toughness, and other 
qualities of the steel. 

Very naturally it was assumed that a 
similar treatment of ordinary varieties of 
foundry iron would lead to equally beneficial 
results, and numerous experiments have 
been made to that end. The chief difficulty 
encountered was the high melting-point of 
some of these metals. According to the 
* Journal du Four Electrique," this has 
been overcome by means of the electric 
furnace, which enables the special metals 
to be combined with iron in small quan- 
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tities, the resulting alloys having a melt- 
ing-point sufficiently low to permit of their 
being properly mixed in the cupola with the 
ordinary brands of foundry pig. 


5р 


WRITING to one of our 
American contemporaries, 
a correspondent gives a 
hint which might well prove of considerable 
advantage to many who have charge of boiler 
plants. He says that, being in charge of 
some six 250h.p. water-tube boilers, it was 
necessary to clean them out once every six 
weeks, and he got into the way of putting 
about 2lb. of flake graphite in each drum of 
the boilers after cleaning. He found that by 
this means the scale did not adhere to the 
boiler surfaces, and in the tubes came away 
very readily. Examination showed that a 
film of graphite formed between the scale and 
the metal, thus preventing its close adhesion. 


Ар 


THE collision which 
occurred recently between 
the two passenger steam- 
ships, the * Republic” and the “ Florida,” off 
the American coast was happily unattended 
by loss of life, and it is gratifying to note 
that this fortunate escape was undoubtedly 
due to the two ships in question having 


Graphite in 
Boilers. 


Wireless Telegraphy 
on Ships. 


each a Marconi wireless-telegraph system 


as a part of their equipment. Immediately 
following the reports of the vital part which 
the Marconi system had played in this 
emergency, the first steps were taken towards 
rendering it compulsory for all passenger 
boats to be fitted with a wireless-telegraph 
station as an indispensable and essential 
adjunct. Quite a remarkable feature of this 
episode, from the technical point of view, is 
that which reveals what has hitherto been 
considered the weak point of wireless tele- 
graphy as an undoubted advantage for 
such emergencies as these. The very lack 
of definite “tuning” meant that when signals 
were transmitted broadcast from the two 
distressed vessels they were received and 
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read at several places in the neighbour- 
hood with the result that immediate help 
was forthcoming from many quarters. 


Ae 


SEVERAL entirely new 
designs in the way of 
switchgear and electrical 
accessories have recently been put on the 
market by William McGeoch & Co., Ltd. 
These include a line of three-phase oil- 
immersed switches and also iron-clad switch- 
gear. The illustrations Figs. 1 and 2 show 
two views of a new crane knock-off switch, 
which is specially designed for use with 
overhead electric travelling cranes, to 
automatically prevent the crane over-running 
a given point. It is also very suitable for 
use as a similar safety device with lifts and 
hoists. The switch parts are assembled on 
a cast-iron frame, enclosed with a perforated 
sheet-iron cover. The switch catch is fitted 
with a special spring arrangement, so that 
after being knocked-off, the switch automati- 
cally resets itself to its original position. 
Other specialities include a new type of 
electric hand lamp, constructed of insulating 
material in accordance with the Home 
Office suggestions, and so arranged that no 
shock can possibly be obtained by anyone 
handling the lamp; a special feature of this 
novelty is the provision of a cord grip above 
the lampholder plate inside the lamp, which 


McGeoch 
Specialities. 
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Fic. 2. 


CRANE KNOCK-OFF SWITCH, OPEN. 


prevents the leading-in cable being accident- 
ally withdrawn. 


P 


PROFESSOR QUIRINO 
MAJORANA, of Rome, 
has, according to the 
* Electrician," recently carried out success- 
ful experiments in wireless telephony be- 
tween various points on the Italian coast 
and a warship which was stationed at 
different distances out at sea. It is 
generally known that undamped oscilla- 
tions are necessary for wireless telephony, 
and the Professor at first used an apparatus 
of his own invention, but in his latest 
experiments he uses the Poulsen arc for 
generating these oscillations. Owing to the 
high voltages and comparatively heavy 
currents required in wireless telephony, the 
ordinary granular microphone, as used on 
land lines, is unsuitable. Prof. Majorana 
therefore designed a liquid microphone, 
which has been very successful both for 
wireless and ordinary telephone work. ‘This 
microphone consists essentially of a small 
glass tube, through an opening in which 
a stream of slightly acidulated water flows 
under a known pressure. The tube is 
fixed to, and therefore vibrates with, the 
membrane of the microphone. The jet of 
water falls between two platinum electrodes, 
thus connecting them electrically. When 


Wireless 
Telephony. 
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the membrane vibrates in response to the 
sound waves, the movement of the tube 
causes constrictions in the jet, and thus 
varies the resistance between the platinum 
electrodes. The sending apparatus con- 
sists of a copper-carbon arc enclosed in a 
hydrogen atmosphere (Poulsen), with an 
oscillatory circuit, made up of a capacity 
and the primary of a Tesla transformer ; 
the secondary of the latter is connected at 
one end to the antenne, and the other end 
is led through the microphone to earth. 
The sound waves, acting on the microphone, 
modify the resistance of the secondary 
circuit and therefore also affect the oscilla- 
tions transmitted to the antenne. 

The receiving apparatus consists of a 
similar oscillatory circuit, with the micro- 
phone omitted in the secondary; in the 
primary, a thermo-electric detector is placed 
in series with the telephone receiver, and 
these two are connected across the terminals 
of the condenser. The detector, consisting 
of a thermo couple composed of two metals 
in close contact, varies in temperature accor- 
ding to the oscillatory current in the primary 
circuit, and produces corresponding variations 
of current in the receiver. "These variations 
are thus reproduced as sound waves in the 
ordinary way. 

The two sets of apparatus must be very 
closely tuned, otherwise messages will not 
be intelligible. Perfect communication has 
been maintained over a distance of 187 
miles—the speaker's voice was received in 
strong and clear tones, recognisable even 
at some distance from the receiver. 


Ар 


WE have been asked by 
the Electrical Company, 
Ltd., to advise readers 
that the “ Aegma" metallic-flament lamps 
can now be obtained at the following 
prices :— 50с.р., 2co to 250 volts, pear shape 
45. 94. each ; 5oc.p., 200 to 250 volts, round 
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bulb, 5s. 3d. each; поос.р., 200 to 250, 
volts, round bulb, 8s. each; subject to 
liberal trade terms. А full price sheet is 
about to be published dealing with these 
lamps, and copies will doubtless be sent on 
application to anyone interested. The par- 
ticular trend of further improvements in the 
metallic - filament lamps is all towards 
increasing the mechanical strength of the 
filament. This research work has been 
accompanied by considerable success, and 
purchasers need have no fear that the newest 
types of lamps are above reproach in this 
respect. 


Av 


*" CELLIT" is a new sub- 
stance recently introduced 
by a German chemist. 
“ Le Gaz” states that chemically it is similar 
to celluloid, and combines all the advan- 
tages of the latter without its dangerous 
inflammability. Some forms of “ Се” 
will not burn at all, while others only burn 
very slowly; it can be made hard or soft, 
rigid or pliable. It is said to be an excellent 
insulator, and lends itself readily to the 
moulding of the more intricate forms which 
are difficult to produce successfully in 
earthenware or porcelain. 


Ар 


MESSRS. PkITCHETTS & GOLD 
inform us that a fire occurred at 
their works at Feltham in the 
early hours of the 21st ult. Considerable damage 
has been done, but steps are being taken to restore 
matters to a normal condition as soon as possible, 
although some inconvenience and slight delay in 
deliveries will be unavoidable. 


“Сей” 


Trade Items. 


We learn that owing to the expansion of the 
Linolite Company's business, it has been found 
necessary to provide larger works for the manufac- 
ture of ** Tubolite." ‘Lhe Company has therefore 
acquired the freehold of some three-quarters of an 
acre of land at South Acton, and the existing build- 
ings have been rearranged and adapted to the firm's 
requirements so as to ensure the comfort of the 
workman, and afford adequate provision for dealing 
with the increasing demand for this well-known 
speciality. 
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A SERIES OF COMPARISONS BETWEEN 
ELECTRICITY AND GAS. 


OD 


2. 


In Domestic Heating and Cooking Service. 


( Continued.) 


ITH so many different applications 
and so many different classes of 
apparatus available, it is very diffi- 

cult to ‘estimate the cost of heating 
systeins using coal, gas, electrical energy, 
&c. while keeping the conditions, capa- 
city of heaters compared, and so on suff- 
ciently identical to make valid any de- 
ductions based on the comparison. Our 
object is to collect such data that the 
difference in cost of the various systems 1s 
due solely to the various types of energy 
employed and not to differences in the 
“ finish" of the apparatus, &c. Some attempt 
has been made in Tables XI. and XIII. to 
estimate the total annual cost of various 
systems for cooking and room warming 
respectively. The difficulty in the compila- 
tion of these tables lies іп the practical 
impossibility of accurately allowing for labour 
and depreciation costs and for those “іп- 
direct” charges referred to later. 

Tables IV. to XV, however, are the 
average results of much data collected and 
analysed by the author, and are believed to 
be very representative. Two rows are pro- 
vided in Table IV. for every system. Inthese 
rows the cost of ordinary plain apparatus and 


of more or less decorated styles are recorded 
respectively. It is, of course, impossible to 
take definite standards of decoration through- 
out, but the prices given show the relative 
increases of cost due to the decoration of the 
various apparatus. The degree of decoration 
is represented where possible by the letters 
D, DD, &c. (much as the hardness of a 
pencil is denoted by H, HH, HB, &c.). No 
definite meaning can be attached to these 
letters, which are only indicative in their 
nature. D* is taken to mean the most 
highly finished product available without 
going into absurd extravagance. 

It will be seen that, as in lighting service, 
electricity permits the most artistic effects 
with a minimum expenditure of outlay, and, 
moreover, the increased decoration does not 
result in a great increase of weight as is the 
case with many patent stoves. "The electrical 
equipment is ridiculously light when com- 
pared with many of the coal grates mentioned 
(see Table III.). The latter, if of the slow 
combustion stove type, weigh anything from 
ісуі, to І ton when empty, and correspond- 
ingly more when charged. 

Referring to Tables IV. to XIV., the 
following conclusions may be drawn from 
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them, though the general scheme of the 
tables has been so devised as to make them 
as readable and self-explanatory as possible. 
The building economies referred to in Table 
IV. were obtained as mentioned later (see 
page 122). Тһе remaining costs are the 
average of those collected from a number of 
reliable manufacturers and are self-explana- 
tory, though their import may be better 
grasped from the result of Table VIII. later 
referred to. 

Tables V. and VI. are tables similar to 
Table IV., but refer to cooking ovens and 
utensils. Again, the results can be fully 
appreciated by inspection of the tables and 
reference to the footnotes provided, but to 
further facilitate comprehension, Table XII., 
which is exactly analogous to Table VIII., 


TABLE 


II4 


may be referred to. In Tables V. and VI. 
ovens are classified by their cubic feet of avail- 
able cooking space, the usual classification— 
“sufficient for м persons "— being very vague 
and entirely dependent on what these persons 
deem a sufficiency. 

The particulars given regarding the 
energy consumption of the various sizes of 
ovens are very interesting, and their study is 
facilitated by representing the results graphi- 
cally. In determining the energy consump- 
tion of the electric stoves, it should be 
remembered that “full heat" for one-third 
the cooking period and “one-third full heat” 
for the remainder thereof usually suffice 
(see Table XIII.) The gas, coal, and oil 
consumptions given are mean values over 
the whole period of operation. 


VIHII.— COSTS OF INSTALLATION OF TWO PARTICULAR SYSTEMS, USING VARIOUS 


METHODS AVAILABLE. 


Case 7.--Еош 100oc.ft. rooms, two used regularly, two intermittently. 
Case 17. — Four 400oc.ft. rooms, used continually, four 1000c.ft. rooms, used intermittently. 


Electric :— CASE I. CASE II. 

£ s d £ s. d. 
2, 1000 watts each 4 IO O Radiators 4, 1000 watts each 9 о o 
2, 1000 ,,  , 4 IO O Convectors 4, 1590. „ 22 >- 11 16 О 
2—1 per radiator ... I o o Screens 4—1iperradiator ... 2 о o 
Four (at 3/-)... те I2 о Wall plugs ... Eight (at з")... I 4 0 
100ft. т 10 о ... Cable to plugs ... 2ooft. з о о 


#12 2 о 


Total 


Steam :— INAPPLICABLE. 


Total £26 19 o 


s. d. 

Boiler (Heating capacity about 14,00oc.ft.) E o о 
Steam Mee 5 о о 
Flue* I о O 
Pipe (20oft. of зіп. LONGO 31 13 6 
Four valves (at 35/- each) s T ТЕ з - 7 о о 
Bends, Nipples, &c.f (20 ae at 4/-, 18 bends at то -, 12 flanges at 6 -)... 16 12 о 
Radiators— 2 4000¢c.ft., 4 1000c.ft. 18 o o 
Lagging and Miscellaneous 2 5 о 
Total £101 то 6 


* As in the cases of coal and gas below, it is assumed that a chimney already exists which can be connected to the boiler 


or stove by the use of say 6ft. of flue pipe of suitable diameter. 


The installation building costs, which can be saved by the 


use of electricity, have becn dealt with separately, and can be allowed for above if so desired. 
+ This item must vary considerably with the exact lay-out of each scheme, but in all cases there is here assumed one 
nipple per roft. of pipe, three bends per room (probably five or six will be necessary in many cases), two flanges per radiator. 


In the case of water pipes socket joints are assumed. 
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Independent Gas-Steam Units :— 


CASE 1. CASE Il. 
s. d. Á s. d. 
4, 1000c.ft. capacity... 12 о о  Gas-steam stoves* 2, 4oooc.ft. capacity... 11 о о 
- а 4, 1oooc.ft.  ,, ... 12 о о 
6oft. jin. pipe I I5 о Gas pipe ... rooft. fin. pipe e. 2 18 6 
Quantitiesasabove ... o 19 6 Bends, nipples «с.  Quantitiesasabove ... 1 10 о 
4, Oft. each I 16 o Flue Pipes ... 6, 6ft. each ... e. 214 Ө 
4 O I4 O Gas Valves ... 6 ve т su» d^ E © 
Total £17 4 6 Total £31 3 6 


* Here, as in all these estimates, the cheapest stoves, &c., available, consistent with ordinary good finish, are chosen. 
A uniforin standard of quality is preserved throughout. 


Hot-water. System :— 


Ж $$. d. L s. d. 
5000-6000¢.ft. capac.. б о о Boiler ... 12-13,000c.ft. capacity 13 о о 
120ft, gin. diam. ... 27 10 о Piping .. 200ft., 4in. diam. ... 45 17 о 
2at LI e e 2 0 0 Valves e. gat Zr e. 4 0 о 
As before... .. 40 o o Bends, Sockets, «с. As before... 632 20--0 
4, 0002.64, at L2 5- 0 o о... Radiators ... 2 4000 & 4 roooc.ft.... 18 о о 
( Lagging, Air Cocks | 
110 О | and Miscellaneous ! 6! 55) % 
Total £86 о о Total £145 17 o 
Coal :— 
Á 58. d. L s d. 
GratesT ... 4,2000c.ft. capac. each24 o о 
4, тооос.Ќ. capacity... 12 о о 4, IloooC./ft. ,, , 12 о О 
Total £12 o o Total £36 o o 
t If of" patent" construction the cost per grate will be £8 and upwards, 
Charcoal :—- 
Á s. d. L s d. 
4, 1000C.ft. capac. 5 o o Stoves e. 4, 2000C.ft. capac. ... то о о 
4, 1oooc.ft. .,, 5 о o 
4 at 17- s UM 8726 m Bases .. Sat 17/- 6 16 o 
Total Z8 8 o Total £21 16 o 
Gas Stoves (with flues) :— 
Á s. d. Á s d. 
4, 1000C.ft. capacity... 8 о о Stoves . 4 2000C.ft. &4 toooc.ft. 18 о o 
4atig/- .. "n B 26 Bases 2. Заб17- Nee .. 6 16 о 
бой. Lin. pipe I 5 0 Pipe ..  Iooft. Jin. pipe 218 6 
4 У O I4 о Valves 8 Кр box ze Л 6-0 
4, 6ft. each 116 о Flues .. 8, 6ft. each ... he do 6 
2 at 10/-, 2 at 5,- I IO O Guards e. 48t1544a3t 76 2 IO O 
Total £16 13 o Total £35 4 6 
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Gas Stoves (without flues) :— 
CASE 1. CASE П. 
Á s. d. Ж s а. 
4, 1000C.ft. ... .. I2 о О Stoves 4, 2000C.ft. & 4, r000c.ft.32 о о 
4 at 17/- з 8 о Bases 8 at 17/- 6 16 o 
As above I 5 О Рїре As above .. 2 18 6 
4 йді о14 0 Valves бі s $i 2.01 8 o 
As before I IO о Guards As before 210 О 
Total p 17 о Total b 12 6 
Oil :— 
£ s а. Á 5. d. 
4 at 35/- 7 о о Stoves gat L2 то, даі LI 15 I7 о o 
4 6ft. ... I 16 o Flue 8 6ft. ... 312 О 
4 at 10/- — x. Bases 4at Z£1&4at1o/-... 6 o o 
Total £10 16 o Total ү I2 о 
Central Stove (coal) distributing hot atr :— 
£ s. d. Á s. d 
E oe | Stove (cost varies enormously | "m 
Е; with finish and style) || Е 
IIO о .. Base iss а i "E m. 
2 о о Air Inlet Pipe 2 о о 
(2 per stove) .. O 12 о Fireclay Pipes O I2 0 
rooft. C.I. pipeat 1/3f ft. 6 5 o Ducts 200ft. C.1. Ripe a at 1,6 ft. 15 0 0 
I2 312 0 Bends 16 4 16 o 
2 IO O Pilot Stove 210 О 
5 ото о Cleaning Doors, 1o I о о 
5 I $ О Wall or Floor Flanges, 10 210 О 
Flue (assuming use 
TOR | existing chimney) | pit pipe а з 
о 8 о Ashpan O I2 0 
115 о Inlet Pipe апа Reiser: &c. 210 O 
o 13 6 Special Stoking Tools and Scuttle o I3 6 
6 .. 6 o o Air Valves to each Room, 10 .. IO о о 
Total £32 10 6 Total £56 15 6 


With regard to kettles, saucepans, and 
urns, the consumption of the electric units 
is stated and the cost of installation is com- 
pared with that of utensils or use with coal, 
gas, or oll. The electric utensils referred to 
are of the self-contained type (7e, include 
their own heating elements); the utensils used 
with “hot plates” may, of course, be of the 
ordinary gas or coal pattern, but the objec- 
tion to them on the score of inefficiency is 


dealt with later. "The relatively high cost of 
these selfcontained units is one of the 
greatest bars to the extension of the domestic 
use of electrical energy, and a plea may here 
be again reiterated to manufacturers, to place 
on the market reliable, substantial apparatus 
at a lower figure than that required for the 
ornamental and often flimsy designs now so 
prevalent. The ill-effect of these high prices, 
on the cost of installation of an equipment, is 
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well shown in Table XII., but that this does 
not extend to the annual cost of operation, 
depreciation, &c., is shown by Table XIII. 
In the case of urns and tank boilers, electri- 
cal apparatus is not at such a heavy dis- 
advantage as regards capital cost. ‘Tank 
boilers are compared in Table VI., and it 
will be seen that there are grounds, though 
not so extensive as usually represented, for 
the complaint that water heating by electri- 
cal energy is very expensive. This com- 
plaint should not exist, since the amount of 
energy required to raise 11b. of water through a 
given temperature range 1s perfectly definite 
no matter what form of energy be employed 
to effect the heating. The very high 
efficiency of electrically heated utensils 


TABLE IX.—SUMMARY OF INSTALLATIONS 
DETAILED IN TABLE VIII. 

Case I.—Four тооос.Ќ. rooms, two used 
continually, two intermittently. 


Case II.—Two .4oooc.ft. rooms, used con- 
tinually, four r1oooc.ft. rooms, in- 
termittently. 


Results of costs of installation, neglecting 
all building costs, costs of structural altera- 
tions, fixing apparatus, carriage, &c. 

Running costs are compared 'elsewhere. 

Cost of installation on 


above assumptions. 
Method of Heating. 


Case I. 


Case II. 


| | £ sd] £ s.d. 
Electric Radiators and Convec- 
LOIS" 43 мш ean aan es) a, a SEE 2 O20- ig 


о 
Steam Pipes and Radiators.. .. пине 101 то 6 
6 


Independent Gas Steam Units .| 17 4 6| з 3 

Hot Water System (coal fuel) ..| 86 о о! 145 17 o 
Coal Grates ac eA e Тайм e| 12 о о 36 о о 
Higher Efficiency ditto .. .. ..| 32 o o| 64 o о 
Charcoal Stoves ie. d» ww | 8 8 оу E CIO о 
Gas Stoves (with flue) .. .. ..| 16 13 0| 35 4 6 
Gas Stoves (without flue) .. ..| 18 17 o| 45 12 6 
Oil Stoves .. .. .. .. .. ..| IO 16 0| 26 12 0 
Central Slow Combustion Stoves ..| 32 10 6| 56 15 6 


* Using convectors in those rooms permanently occupied 
and where the volume to be heated much exceeds toooc. ft. 
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should more than compensate for the loss of 
efficiency due to the several energy con- 
versions at the central station. 

The comparison between electric, oil, and 
gas “ geysers” is of interest, though perhaps 
of little importance, the load being one that 
would hardly be desired by the central 
station engineer and the apparatus being in 
all cases very inefficient from the point of 
view of the consumer. There is no doubt, 
however, that the electric geyser is consider- 
ably safer in operation than oil or gas types, 
particularlyowing to the absence of poisonous 
fumes and to the easy avoidance of ex- 
plosions by the use of fusible cut-outs. By 
the provision of a suitable number and size 
of heating elements there is, of course, no 
limit to the rate of boiling which can be 
effected. At the very rapid rates, however, 
the efficiency of the whole will further 
suffer. With regard to the cost of use 
per hour in normal designs the electric 
type compares very favourably with the oil 
types. 

Table VII. gives the cost of the acces- 
sories required by the various systems, and 
the immense superiority of electric heaters 
in this respect will be evident. The data of 
Table VII. are self-explanatory as they stand, 
but the exact effect of these costs in any 
particular equipment is best shown in Table 
VIIL, which compares the total costs of 
installation of room heating systems in two 
typical cases, viz. :— 

I. That of four 1oooc.ft. rooms (тоб. x 
Ioft. x roft., say), of which two are used 
regularly and are therefore heated by con- 
vectors, while two are used intermittently 
only and are therefore equipped with 
radiators. 

2. That of two 4oooc.ft. rooms (say 28ft. 
x 12ft. x 12ít.) used continuously, апа 
four 1000c.ft. rooms used intermittently. 

A probable length of distributing pipe or 
duct is assumed in those cases where 
necessary, and the control valves, guards, 
and other accessories assumed are as shown. 

The final results obtained are summarised 
in Table IX, these costs being exclusive of 
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building and structural alterations, fixing of 
apparatus, carriage, «гс. 


from this 


summary that 


It will be seen 


the order of 


economy of installation cost is, in the two 


Cases :— 
Case I. Case II. 
Cheapest. Charcoal Stoves. Charcoal Stoves. 
ОП Stoves. Oil Stoves. 
Ordinary Coal Electric Radiators 
Grates, and Convectors. 
Electric Radiators Independent Gas 
and Convectors. Steam Units. 
Gas Stoves (with Gas Stoves (with 
flue). flue). 
Independent Gas Ordinary Coal 
Steam Units. Grates. 


Gas Stoves (without 
fluc). 

Specially high-eftici- 
ency Coal Grates. 

Central Slow Com- 


Gas Stoves (without 
flue). 

Central Slow Com- 
bustion Stoves. 

High-efficiency Coal 


bustion Coal Grates. 
Stoves. 
Hot Water System Steam Pipes and 
(coal fired). Radiators. 
Most Expensive Hot Water System 
— (coal fuel). 


Thus it will be seen that the electric 
heating scheme is considerably the cheapest 
in first cost if we exclude charcoal and oil 
stoves, both of which are unhealthy methods 
of heating, the latter in all cases and the 
former if its flues should leak (in which case 
the escaping gases have frequently been 
fatal in their results). 

The above order of economy has naturally 
to be considerably modified when the costs 
of operation are included (see Tables X. 
and XI.). 

In Table X. suitable depreciation allow- 
ances are made to cover the renewal charges 
for coal and steam systems, &c., these 
renewals being of too variable a nature from 
year to year and in various services to allow 
them to be covered by any other than an 
average depreciation charge. In the elec- 
trical units, lamps are the only renewals 
required, depreciation of the rest of the 
equipment being negligible. Owing to the 
considerably higher temperature to which 
the frame, &c., of gas, oil, and coal stoves is 
exposed, a higher depreciation must be 
assumed as shown. 
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The basis on which the labour charges are 
estimated is stated in a footnote to ‘lable 
X. The labour charges for electric stoves 
and gas stoves wth flues are negligible ; for 
coal and oil and /Zwe/ess gas stoves the cost 
of labour by an ordinary domestic servant 1s 
estimated, while for steam and water heater 
the attendance of a more or less skilled man 
is assumed. 

In this table depreciation is based on the 
data of Table IV., the whole of the charges 
being reduced to roooc.ft. heating capacity. 
The results of Table X. are utilised in Table 
XI, in conjunction with the figures of 
Table III., to estimate the total cost of 
warming a room of toooc.ft. capacity for 
гооо hours by various methods. Though 
this table cannot include the cost of re- 
lighting coal fires and all similar indirect 
costs, yet it includes, with fair accuracy, the 
charges for energy, renewals, depreciation, 
and general labour. 

In the case of coal, oil, and electricity two 
rates per ton, per gallon, and per B.O.T. unit 
respectively are assumed, while for gas the 
average rate already arrived at in the lighting 
section (g.v.) is assumed. As a result of 
Table II. the order of merit already estab- 
lished as regards capital cost may be modi- 
fied as below, when that possibly more 
important amount—total cost of operation — 
is concerned. 

For the case assumed, that of an ordinary 
IO X тох Io room, the new order is :— 


Central Coal Stove. 
Charcoal Stove. 
Gas-fired Steam Units. 
Ordinary Coal Grates. 
Gas Heaters (with flues). 
Electric Convectors. 
Gas Heaters (no flues). 
Electric Radiators. 

Oil Heaters. 

Hot Water Heaters. 
Coal-fired Steam System. 


Cheapest. 


Most Expensive. 


In this classification the electric and flue- 
less gas systems have practically equal costs, 
but the immense hygienic superiority of the 
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electric system, apart from the less damage 
to furniture, &c., is obvious. The final re- 
modelling of the above classification, to take 
account of all the indirect influences referred 
to later, is a very difficult matter, depending 
as it does so largely on the individual con- 
ditions of each case. 

Table XII. is exactly analogous to Table 
VIII. but refers to a cooking equipment. 
Little additional comment is required to this 


TABLE XII.—COSTS OF INSTALLATION OF 
TYPICAL EQUIPMENTS. 


Cost for operation by 


Ca- КЕ ETT 
ARTICLE PACITY 
Electric Gas | Coal Oil 
£s.d. £s.d.£ s.d. £ s.d. 
Oven . L.5c/ft. 6 2 63 5 04002180 
| | 
Ж? .. 40c.ft. 715 0715 0810 ОО ОО 


Copper Kettle ... 2pts. 015 00300300 3 o 


nd Ў 4р5. 115 00 7 оо 7 оо 7 о 


Saucepans- -* 


| 
Enamel .. 


, їр. {016 оо з оо з оо 30 
Соррег 2pts. tr 50070070070 
Enamel nt 4qts. 120004 о о оо 4 0 
Enamel .. 6qts. t2 5 оо 6 oo оо б о 


Plate Warming 


Box - — I о о included above 015 o 
Егурап f | | 
and Cover; 84: йа. 2 о о о б оо 600 б 0 
. | | 
Griller] .. 0012 оо 2 бо 2 6 


eq by ii 3 0 


Total with Small Oven ..j20 18 6 513 о 5 18 6 511 6 


" » Large Oven ...22 11 otio 3 oro 8 61113 6 


* [n the electrical costs these vessels are self-contained, 
4.¢., heating elements are permanently fixed in base, this 
being much more efficient than hot-plate arrangement. 
ІРгісев of latter are given elsewhere and may be substituted 
above if desired. (In that case only ordinary cooking vessels 
need be used.) 

t These costs are average only—see Tables V. and VI. 
for details. 

} The consumption of this utensil (electric)is 360 watts and 
787 watts in the low and high heats respectively. The 
corresponding gas, coal, and oil consumptions may be 
determined by use of Table I. 

| The consumptions of this utensil on the three heats pro- 
vided (in the electrical form) are 240, 650, and tooo watts 
respectively. The corresponding coal, gas, and oil con- 
sumptions may be found by reference to Table I. (second 
section). That Table I. is actually favourable to gas may 
be seen from the fact that it gives the gas consumption for a 
griller similar to the above as 17.2c.ft. per hour, whereas the 
makers state a consumption of 24c.ft. per hour. 
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table beyond that given in the footnotes. 
The relatively high cost of installation of 
the electrical equipment (between three and 
four times that of the coal, gas, and oil 
sets, which are all very nearly equal) has 
been already explained and the remedy 
stated. 

In view of these results it is all the more 
striking to find that, using them in Table 
XIII., the total cost of use per year for elec- 
tric stoves is only very slightly higher than 
for gas stoves, while it is considerably less 
than for oil stoves. Coal. stoves are con- 
siderably cheaper than any of the other 
systems, but are much less convenient and 
flexible in operation. Table XIII. is based 
on the assumptions set out below: 


TYPICAL COSTS OF USE OF VARIOUS 
COOKING SYSTEMS. 


Assumptions made:—Consumptions as 
below (see also Table V.). 

The consumptions of gas, coal, &c., are 
mean values applicable over the whole time 
of cooking, but in the case of the electric 
ovens and utensils “ІШІ heat" may be em- 
ployed for 1 total time of use, “} heat” 
then usually sufficing for the remainder ot 
the operation owing to the excellent heat 
insulation obtainable. 

The average times of use per operation 
of cooking utensils is found to be :— 


Kettles... 15mins. 
Urns (1 quart)... 15 ,, 
Urns (6 quarts) 40 ,, 
Disc stove ... 30 ,, 
Frying pans ... 15 4, 
Grid, broilers ... 20 ,, 
Ovens, 45mins. to 14hrs.— 


while the use of the chief utensils per 
24 hours is found to be roughly :— 

Kettles, 4hrs. ; ovens, 4hrs. ; boilers, 
tohrs. ; grillers, toasters, &c., zhrs.; urns,. 
&c., 3hrs. in 24hrs. 

Any accurate estimate of these periods 
is of course very difficult, if not impossible, 
but the above figures endeavour to make 
allowance for the variations іп different 
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If the rates assumed do not apply to any 


ate equipment than assumed in the other parts of the table. 


whichever form of energy is used, per unit. 


dicon the above by simple proportion. 


' on the price of 


1 


t See letterpress for notes regarding depreciation, 


1 cost here given reters to a more elabor 


The capita 
hat case may be evaluate 


assumed as a good mean value for town and country. 
s, of course, depend direct 


See Tables V. and XII. 


* Including stewpans and saucepans, 
This figure is 


$ All these energy cost 


particular case, the costs for t 
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households and to allow for the different 
seasons of the year (/.e., the figures are taken 
on a yearly average). 

Per year of ordinary use these figures 
amount to :— 

Kettles, rqg6ohrs.; ovens, 146ohrs. ; 
boilers, 365ohrs. ; grillers, toasters, &c., 
7 3ohrs. ; urns, &c., 1095hrs. per year: which 
figures are used in the estimation of the total 
cost per year of various systems as given in 
Table XIII. 

In the latter table depreciation and repairs, 
&c., are reckoned at the percentage stated 
on the capital costs of installation as given 
in Table XII. Costs of renewals are not 
included, since in the electrical apparatus 
they are practically nil, while in the other 
systems they are so variable as not to be 
capable of accurate estimation. Some aid 
in this respect however is given by Table XI. 

In Table XIII. the capacities of ovens, 
&c., assumed are :— 


Oven ... ... ... 3c.ft. avail- 
able space. 

КӨШЕ" uh. toh ә 3 pints. 

Uri ue dim) eme den w 2 gallons 


Tank boiler, saucepans, &c. 1.5 gallon.T 
Grilles, &c., of ordinary domestic size. 


For those cases in which sufficient. data 
regarding energy consumption are not given 
in Table VL, use is made of the second 
section of Table I. and of certain data in 
Table XIV. 

Assuming the average energy rates shown 
in the table, it will be seen that the order of 
economy, reckoning cost of energy + depre- 
Ciation, is :— 

Relative costs. 


Cheapest. Coal systems... 0.59 
Gas systems... 0.94 
Electricsystems 1.00 
Most expensive. ОЛ systems ... 1.29 


With regard to the percentage deprecia- 
tions allowed, the same remarks apply as 
already made in the case of the room-heating 


è It isassuined that kettles are used at maximum heating 
rate throughout, all the other implements being used 4 time 
at full heat and the rest at 4 heat. 

t This figure is taken as the cquivalent total of all 
saucepans, &c. 
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appliances. So little is the deterioration of 
the electrical apparatus that the renewal 
period would probably be determined solely 
by the introduction of newer and more 
efficient equipments. This fact must be borne 
in mind when estimating the depreciation 
required by any electrical apparatus. On 
these grounds the depreciation actually 
allowed in Table XIII. for the electrical 
apparatus should probably be higher, but the 
effect on the total annual cost would be 
very slight, and may be calculated for any 
particular case from the data given. 

As a fitting conclusion to the preceding 
elaborate system of cost tables worked out 
on the most general basis possible, Table 
XIV. may be studied ; this table sets out 
actual working results of numerous tests 
comparing electrical, coal, gas, and oil cook- 
ing systems. ‘The date and authority of 
each set of tests are stated, and the essential 
results are tabulated. It is to be noted that 
the most recent tests indicate that electric 
cooking is already practically equal to gas 
cooking so far as cost of energy is con- 
cerned, while it has never been questioned 
that it is far superior from the hygienic point 
of view. Our progress has therefore reached 
that stage in which it only remains to reduce 
the capital cost of electrical heating appara- 
tus (of the possibility of which there can be 
no doubt) in order to make electric cooking 
the cheapest and best in every way. 

With regard to room heating, electric 
heaters have more leeway to recover: the 
capital cost of the heating units is already at 
a very low value (see Tables IV. and IX.), 
hence the reduction of the total cost per 
roooc.ít. per hour of heating can only 
depend on the more efficient distribution 
of heating units and on the more efficient 
desten of rooms. ‘The importance of the 
latter is as yet imperfectly grasped һу 
designers; its effect on the efficiency of 
a heating system will be referred to more 
fully later. 

Cost of Butlding.—TVhis cost is one of 
considerable importance in the present case, 
and the chief items in which electrical and 
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other sources may be compared under this 
heading are :— 

I. Cost of chimneys. 

2. Cost of fireplaces. 

3. Cost of coal stores, oil tank, chambers, 
&c. 

4. Cost of hotair chambers, stoking 
cellars (with steam or hot water 
systems). 

Various contractors and builders have 
expressed the opinion that the saving in 
the initial construction of a house built 
with the intention of using electric heat- 
ing throughout, and hence built without 
chimneys and fireplaces, would be from £30 
to £40 in a £1000 villa. This does not 
allow for the saving in overmantels, &c. ; 
hence the total saving would amount to from 
£60 to £70, or even more, were the shape 
of the house such that two or three chimney- 
stacks would be necessary when using coal 
fires. This economy alone would go far 
towards the installation of a very complete 
electric heating and cooking equipment, and 
as it isonly in prime cost that electric heating 
proves rather expensive, this point should 
influence all builders of new residences. 
The various other economiies in subsequent 
renovations, &c., would certainly more than 
compensate for any excess of electric work- 
ing costs over those for gas or coal. 

The cost of building large fireplaces 
would be entirely avoided were coal fires 
abolished, and very artistic alcoves to 
contain electric radiators could be built, if 
so desired, at a nominal cost, or heaters 
placed in the centre of the room could be 
employed. With gas heaters the necessity 
of providing flues to carry off the products 
of combustion largely prevents this economy, 
i.e., that of abolishing chimneys, for if the 
latter be abolished flues must still be driven 
through the walls, and usually then form a 
very ugly excrescence. 

The cost of building coal stores is quite 
considerable even in the smallest houses, 
where its abolition would result in a saving 
of Zsto Zio in the building cost of the 
house. In larger establishments the economy 
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would be correspondingly greater, being £30 
to £50 where a really elaborate fuel house 
is built to enable the economical purchase 
of fuel in bulk. Ой stores, being usually 
subterranean (in compliance with the fire 
insurance company's requirements), are even 
more expensive, and in spite of the possibility 
of storing oil in about half the space required 
by the equivalent amount of coal, it will 
be found that a fireproof oil store costs 
about twice as much to construct as the 
equivalent coal house. 

Hot-air chambers for those central-heating 
systems in which the air in a central brick 
chamber is heated and then distributed 
through ducts to all the rooms to be heated 
cost about 25 per cent. more than coal 
houses to build, owing to the better building 
required and to the necessity of fitting the 
chamber in neatly somewhere in the house. 

Besides this there is the cost of “ building- 
in” air distribution ducts, which should be 
of earthenware if great loss by conduction is 
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to be avoided, and of providing and driving 
the electric fan which is usually relied upon 
to distribute the hot air. In few large 
scnemes can convection currents alone be 
depended on to distribute the heated air, but 
an alternative to the installation of fans is 
afforded by the “ pilot" stoves placed one at 
the end of each horizontal length of distri- 
bution duct to induce the necessary air 
current along the latter (see also Table VIII.). 

To illustrate the cost of these hot-air 
chambers. In a particular case the size of 
chamber required was 6ft. x 7ft. x sft. s.e., 
area of walls — 214 square feet; hence, 
assuming a gin. brick wall and standard size 
of brick gin. x 4Àin. x 3in., the number of 
bricks required = 2 x ж ы... 
ог, say, 2500, which, at £2 ss. per thousand, 
cost £5 12s. 6d, and, allowing £3 for 
labour and miscellaneous costs, the total 
cost of the chamber = £8 15. (say). This 
estimate refers to the cost of building at the 
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time of erecting the house ; if it be effected 
after completion of the house the cost will 
be much higher owing to the difficulties of 
working and damage to the rest of tlre 
property, and so on. 

Hence it is apparent that if it be known 
when building that electric heating and 
cooking is to be employed, very considerable 
economies can be effected in the building 
costs, which economies will wholly cover the 
cost of installing the electric equipment and 
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usually leave a con- 
siderable balance to 
pay off any increase 
in the operating 
charges for some time 
to come. 

Efficiency Consider- 
ations. — Much of 
this section, as origin- 
ally schemed, has 
already been dealt 
with, while some of 
the remainder can- 
not conclusively be 
dealt with until later 
sections have been 
treated. Such are 
the intermeshings of 
a subject of this 
nature and so many 
and complex the 
lines along which its 
development has run 
that it is impossible 
to arrange such a 
system of classifica- 
tion as will enable 
each heading in turn 
to be fully dealt with. 
Indeed such “ pigeon 
hohng" would not 
be desirable. Asthe 
factors concerned are 
interwoven in prac- 
tice, so let them ap- 
pear here, the tangled 
skein being, however, 
so far unravelled as 
to enable a clear view of the subject. It is 
well that the many different bearings, which 
apparently unimportant points have on the 
results obtained, should be realised. 

Certain figures relating to the efficiency of 
design of various heating agencies have been 
already given in Table IIL, while certain 
others are deduced in Table XV. 

It will be seen from Table III. that 
electric room-heaters are, on the whole, the 
most satisfactory available as regards volume 
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OF DESIGN OF VARIOUS STOVES AT PRESENT USED, 


Approximate Dimensions, Volume, Ratio— 
, ° inr + 1 | 
Type of Stove. И - ahis —€——— А Overall Vol. 
I Inside. Outside. * Effective. Overall. Useful Vol. 
———— -- - i » 
Electric .. I.25 I6" хло x 15" | IS" x 123" x 16" 1.27c.ft. 2.09C.ft. ^: 1.04 
і ` 
Gas .. .50 244" x 15" x 16" 32” x18" x18" |! Я 6.00 1.79 
3-5 5 3:39 
Oil ze. ae ae s 0.25 9" x 8" x 64" | 13Q" x 14". x 8$", 0.271 0.970 3-57 
ОП му зш а z 1.00 134” x 12". х 94" | 171" x 121" x 20" | o.89 2.55 | 2.87 
о... . 2.75 22" x15" x15" | 36% x 184" 254 | 2.86 9.60 | 3.35 
Coal.. uox xx 1.261 12" x13" x14" | 22" x15" » 20" | 1.26 3.83 3.05 
Coal.. ie. ux Ry 2.20 177. x16" x14". |36” хау x20" © 2.2 11.25 | 5.12 
Coal | с : zo 15" x15" x15" | 20" x45" x 307 | 4.7 16.65 | 3:55 
3 | 


* These include the grates in case of coal ovens, but do not include height of kitchener above hotplate. 


t A portable stove. t Double-oven kitchener, 


Further considering the thermal efficiency 
of various systems of heating, and means 
whereby this efficiency may be increased, it 
may first be noted that it is an established 
fact that /Ae efficiency of an ordinary coal 
grate is only 12 per cent. % 15 per cent., 1.е., 
the heat given out into the room only equals 
about 12 per cent. to 15 per cent. of the 
total calorific value of the coal. The re- 
mainder of the heat is wasted up the 
chimney. Gas fires are little better in this 
respect owing to the necessity of removing 
the products of combustion as soon as 
possible. 

Various means have been tried of heating 
air in pipes passing through the flues or, 
conversely, of winding the flues about in the 
room for some distance before leading them 
to waste, but such methods, though certainly 
effecting some economy, are very inefficient. 

The principle of air-jacketing the stove is 
practically that employed in so many slow- 
combustion stoves for heating and ventilating 
a room by drawing in air from outside the 
house, warming it in the stove jacket, and 
discharging it to the room. ‘Though this 
system has remarkably low operating costs 
. (see Table ХІ.), it is subject to grave dis- 
advantages in other respects (e.g in capital 
expense, cost of fixing, and in weight of 
apparatus). 


Providing the rules stated in the section 
regarding the placing of electric radiators or 
convectors be observed, the efficiency of the 
conversion of electrical energy to useful 
heat will be from 85 per cent. to 95 
per cent. in the case of radiators, and 
9o per cent. to 97 per cent. in the case of 
convectors. 

Comparing this with the figures given 
above for coal grates, it will be understood 
how it is that electric heating can be more 
economical than direct coal heating, in spite 
of the triple conversion to which the energy 
is subjected in the former case. (This triple 
conversion comprises the conversion of heat 
to mechanical energy, of mechanical to 
electrical, and of electrical back to heat: 
as is well known, we should achieve an 
immense increase in etticiency could we 
convert heat energy direct to electrical 
energy, and on a large scale.) 

In order to maintain a temperature gra- 
dient, the flue gases in any coal, gas, or oil 
consuming plant must be rejected at a 
temperature which is comparatively high 
compared with that of the surrounding air. 
This can be done, however, with far less 
loss of efficiency at a central station em- 
ploying economisers and superheaters than 
in the domestic chimney, where all the heat 
is absolutely wasted, as far as we are con- 
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cerned, once the gases have passed the grate 
chimney orifice. 

Passing on to the application of electric 
heating to cooking and water heating, the 
above remarks again apply, with the addi- 
tional possibility of effecting further economy 
by heat insulating the electrical utensils. 
The electric disc stove or hot plate replaces 
the gas ring, and by suitably lagging the 
former all waste analogous to the side flare 
or reflected downward heat of the gas ring is 
avoided. The only way in which heat can 
escape to any appreciable extent is via the 
material to be heated. 

A gas flame beating on to a metal surface 
Is not an efficient method of heating, especi- 
ally when, as in the ordinary gas stove, any 
heat once reflected back is lost for ever so 
far as the vessel is concerned. That gas 
cooking is inefficient in this manner is 
proved by the rapid rise of temperature of a 
room in which gas cooking is proceeding. 
Where electric cookers are employed the 
. temperature of the surrounding air 15 not 
appreciably affected even after several hours’ 
operation. 

Though electric disc stoves are a great 
improvement on gas rings in the matter of 
efficiency, yet the self-contained electric 
saucepan or kettle, as the case may be, is far 
more efficient. In the latter class of utensil 
the heating coils are embedded in a thin 
layer of insulating enamel in the bottom of 
the vessel itself, and are thus in excellent 
thermal contact with the material to be 
heated. The enamel used is mechanically 
strong, an electrical insulator, but a good 
thermal conductor: a suitable lagging or 
vacuum chamber is usually formed round 
the utensil proper, and excellent heat insula- 
tion so effected. ‘The efficiency of conduc- 
tion from wire to liquid in such a case 
usually exceeds 97 per cent. 

When the independent electric disc stove 
is employed a mechanical or magnetic 
clamp should always be provided so as to 
ensure very good contact between the 
bottom of the vessel and the top of the 
stove. It is essential that a good thermal 
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contact should be effected, and hence both 
surfaces must be kept very clean. The 
slightest trace of grease or dirt or the 
smallest film of air will decrease the efficiency 
of the stove by 10 per cent. to 30 per cent. 

Temperatures attainable with each form 
of heater, and points arising from this 
consideration :— 

It is of considerable interest to note the 
temperatures attainable with various heating 
agencies, though this point is hardly of such 
importance in domestic considerations as in 
the industrial applications treated in the 
next section of this series of papers. 

Considering first the temperatures most 
desirable in various services, and the ranges 
of temperature advisable, we have that a 
healthy room temperature is about 6odeg. F., 
oven temperatures range from 2oodeg. to 
4oodeg. F., and the temperature of boiling 
water 1s, normally, 212deg. F. 

As an average figure, it may be taken that 
a uniform room temperature of about 6odeg. 
F. can be obtained electrically by allowing 
I watt per cubic foot to be heated, ze, in a 
room ioft. x той. x roft. we should need 
1000 watts to be dissipated, which is usually 
effected by four 250-watt radiator lamps or 
convector strips. This allowance provides 
for a room temperature of 6odeg. to 7odeg. 
F., when the open-air temperature is 32deg. 
F., hence a less liberal allowance would 
usually suffice in England. ‘To attain 
higher temperatures more lamps would have 
to be provided, but the efficiency of the 
heating would be reduced, the difference of 
temperature between the source and room 
being less, 5e, the temperature gradient 
being less steep. 

Where the convector type of heater is 
employed it may be taken that the above 
rule (1 watt per cubic foot heated) still holds, 
though it is possible іп some cases, by 
careful design and under favourable working 
conditions, to get up to 1.25c.ft. heated to 
Godeg. to 7odeg. l'. per watt dissipated or 
even higher. It is of course obvious that 
the allowance to be made, whatever the 
source of energy, depends essentially on the 
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ventilation provided. A room through 
which a strong current of cool air is con- 
tinually flowing will need а far greater 
expenditure of energy to maintain a given 
temperature than one which is entirely shut 
off from external air currents. 

‘The temperature of convector strips used 
for heating a normal room is usually about 
26odeg. F.; each strip unit is designed te 
dissipate about 55 watts when at this 
temperature. If the temperature of the 
strips be too high the air passing over them 
is rendered very dry and is technically 
termed * burnt." Air in this condition is of 
course very unhealthy. Fortunately, the 
requirements of health, efficient heating ; and 
long life of strip all coincide in this case. 

With coal heating there is practically no 
limit to the temperature which can be 
attained in the room or oven by suitably 
stoking the grate. The same statement also 
applies to gas and oil stoves, but cannot be 
regarded as an advantage. Were it desired, 
a far higher temperature could be obtained 
electrically than can be approached by coal, 
gas or oil heating, as shown later, but the 
possibility of overheating by mere over- 
stoking (absent in the case of electric 
radiators and convectors) enables very un- 
healthy conditions to be attained in rooms, 
or, in cooking, exposes the articles dealt 
with to considerable risk of burning. 

Moreover, when the heating is increased 
in this manner, vitiation of the surrounding 
air proceeds correspondingly faster, and the 
necessary increase in the ventilation supply 
rapidly decreases the efficiency of the heat- 
ing, apirt from the inefficient combustion 
which always begins to set in when any grate 
or burner is overloaded. 

In the case of water-heating a temperature 
of 25odeg. to 4oodeg. F., of the source, is 
very convenient for raising the water to 
boiling-point, but, once boiled, the tempera- 
ture should be reduced to just over 21 2deg. 
F., so as to maintain the water at boiling- 
point without undue waste of heat or 
excessive evaporation of water. ‘This is very 
easily and definitely effected electrically by 
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the fitting of what is termed a “two heat” 
(or even a “three heat") element to the 
vessel. The water ts boiled by raising the 
whole convector or enamelled strip to full 
temperature, and then kept at the boiling- 
point by switching out such a section of the 
heaters that the remainder will just emit the 
heat lost by radiation from the vessel. 

Similar ranges are provided in room 
heaters, whether of the radiator or convector 
type, and in most cases one hour's operation 
at “full heat” will warm the room sufficiently 
to enable the temperature to be maintained 
at 6odeg. to 7odeg. F. for an indefinite 
period by the subsequent expenditure of 
“one-third full heat." This fact is mot 
allowed for in Table X., although the gas, 
coal, and oil consumptions stated are the 
average values over the whole period of 
operation. Making this correction, the cost 
of electrical energy would be 24s. 6d. per 
10coc.ft. heated per rooo hours with B. T.U. 
at 1d. or 32s. 6d. with B. T.U. at rd. 

This would considerably raise electrical 
heating in the economy classification already 
made on this basis; asa matter of fact, electric 
room-heating, even at 1d. per B. T.U., would 
then appear more expensive only than central 
slow-combustion stoves and charcoal stoves, 
both of which systems are subject to serious 
disadvantages in other respects. The above 
correction for the economy resulting from 
partial use at one-tbird full heat has only 
been applied to convectors, radiators still 
retaining their old position in the economy 
tabulation. The reason for this is that while 
convectors are fitted for long hours of opera- 
tion in which the reduced heating may 
be employed, radiators are only used (in 
most cases) for intermittent work in which 
continuous operation at full heat during the 
whole period would therefore be probable. 
In estimating the revised fuel charges for the 
convectors for the 10oo-hour operation on 
which the comparison 15 based, it is assumed 
that the convector is in use for 15 hours 
at a time, eg., in daily use from 7 a.m. 
till 10 p.m. 

In Tables V. 


and VI. suitable heat- 
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ranges for various types of heaters are given. 
As a mean of the ranges in actual use it 
will be found convenient to make the con- 
sumptions on the various * heats" have the 
following ratios :— 


Radiators, 1:4 OF 2:5 Or 1:2: 3. 
Convectors, І: 3 Or 1:3:5. 
Kettles, &c., т : 5. 

Water Boilers* 1 :2 : 4. 

Ovens 1:2:3 Or 1:2: 3: 4. 


If this be done much economy in working 
will be effected and the inflexibility urged 
against electricity by gas engineers will be 
found to be non-apparent ; indeed, the pro- 
vision of switches which will reduce the 
heating to a constant amount known to 
suffice for the object desired dispenses with 
much labour and results in economy of 
energy, besides obviating those wasteful 
“ spurts” which have to be made with gas 
and coal when the heat has temporarily 
been reduced to too great an extent. 

The fact that electric heating can at once 
be reduced in degree when the room 
temperature reaches the desired value, with- 
out the necessity of prolonged overheating 
such as results when a coal fire has been 
'" made up" to raise the room temperature 
rapidly, is a further point of economy, and 
is, of course, one which is shared by gas- 
heating systems. 

Volume and weight per unit effect.--Some 
indications of these figures of economy have 
been already given when discussing the 
efficiency of various types of heaters, and 
may now be referred to again. 

Possibly apart from the charcoal stove, of 
very limited application, the electric radiator 
is undoubtedly the form of heater having 
both minimum volume and minimum weight 
per 1000c.ft. heated or per B.T.U. emitted, 
not even excepting the gas stove, which is, 
however, its closest competitor in this as in 
many other respects. 

The weight of the electric stove increases 
but slightly with increase of heating capacity, 
the sole increase being that due to the extra 


* Of larger capacities than ordinary kettles. 
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lamp or convector strip fitted, as the case 
may be, and to the slightly increased weight 
of reflector or shield containing them. This 
increase is far less in proportion than the 
extra heating capacity gained, and even the 
largest electric radiators are easily portable. 
This, when compared with the weight of 
certain slow-combustion stoves whose weight 
increases from a minimum of, say, roolb. to 
a maximum of one or even two tons in the 
largest sizes, 1s very striking. (The nominal 
heating capacity of the latter is, of course, 
enormous, but the weight per rooc.ft. heated 
is still very high, being from two to ten times 
that of the corresponding electrical system.) 

Taking here, as throughout, a standard 
room temperature of 6odeg. F., the external 
temperature being 32deg. F., the figures of 
design shown in, Table III. may be studied. 
(Too often in comparisons of this nature all 
reference to the temperatures at which it is 
made is omitted.) There is no object in work- 
ing out the specific volume and weight co- 
efficients for ovens and water-heaters, for in 
the case of the latter the volume is always 
determined by the volume of water to be 
heated, the volumes occupied by the electric 
convector on the one hand or the gas-ring 
on the other being nearly equal, and quite a 
small percentage of the total volume of the 
apparatus. А similar statement applies to 
ovens, but for these a different figure of 
economy has been already referred to (see 
Table XV.). This ratio of total overall 
volume to available volume forms a very 
representative criterion of the convenience 
and efficiency of the design apart from the 
thermal and monetary considerations which 
have already been dealt with. 

The placing of various types of heating 
units presents well-defined rules, which are 
nevertheless often neglected, with consequent 
loss of efficiency. It is at once obvious that 
an ordinary coal fire placed directly at the 
foot ofa duct, the chimney, up which a strong 
draught is necessarily and automatically 
maintained for and by the removal of the 
products of combustion, represents the most 
inefficient conditions conceivable. Not only 
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are all air-currents into the room un- 
warmed until they leave via the chimney, 
but fully 8o per cent. of the heat generated 
by the combustion of the coal is at once 
carried up the chimney. 

This cause of inefficiency must be obvious 
to all, yet one frequently sees electric radia- 
tors and gas stoves placed in an ordinary 
fireplace without any attempt being made to 
close the base of the chimney. With the 
gas stove, a flue, with all its inefficiency, 1s 
still essential, but in the case of electric 
stoves this is no longer so, and where these 
heaters are used they should be placed 
rather at the sozzce of all inlet air currents, 
so as to warm the latter before they mingle 
with the rest of the air in the room. Where 
stoves are placed in previously existing fire- 
places every care must be taken to close 
hermetically the chimney opening. ‘The 
great distinction between coal, and to a less 
extent gas, and electricity is that, while 
electric heaters can be placed at the source 
of air currents, the former must be placed at 
their efflux. 

Where heaters are placed near walls, they 
should always be provided with reflectors at 
the back of them. In this respect heating 
units placed in the centre of the room or, at 
any rate, well clear of the walls present con- 
siderable advantages, and can be made to 
harmonise with most decorative schemes. 

In very large rooms radiators, or preferably 
convectors, should be placed at about 12ft. 
intervals along the walls, and at oft. pitch 
perpendicular to the walls, the exact spacing 
being varied to make it symmetrical in each 
case. In this connection it may be noted 
that for large halls considerably less than 
1 watt per cubic foot will suffice to maintain 
a suitable temperature (60deg. F.), particu- 
larlv after the audience or congregation 
arrive. 

Care must be taken when placing heaters 
near doors or windows that the heat de- 
veloped is being carried 74/0 the room by 
the air currents, and not taken ow? by 
convection or radiation. 

These statements apply alike to electric, 
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steam, and water heating units, and to those 
gas and oil systems unprovided with flues ; 
but where flues are required, as in the ordin- 
ary coaland gas systems, observance of these 
conditions is impossible: as a consequence 
considerable loss of efficiency follows. Of 
the merits of those fuel stoves for which 
flues are claimed to be unnecessary, and 
hence the stoves, like electric units, capable 
of use at any point desired, more is said 
later. . 

General Advantages, Risks, &c.—In this 
section it is proposed to discuss the particu- 
lar conveniences and risks attached to each 
method of heating and the distinctive appli- 
cations of each as influenced by the exact 
requirements, the locality, and the nature 
of surroundings, «с. Treating first the 
question of convenience, it is here that elec- 
trical apparatus assumes what 15 possibly its 
chief superiority (though, as shown elsewhere, 
it is by no means inferior in any respect). 
It affords a means of heating which is pre- 
eminently simple and clean. No ash, soot, 
smoke, or fumes of any sort are produced, 
and hence no “ grate-cleaning ” is necessary. 
No uptake or flue is required, and the whole 
heater is very light, so that it is easily port- 
able from part to part of a room or to 
another room. 

In connection with portability, however, 
it should be noted that many of the breakages 
of radiator lamp filaments are entirely due to 
carelessness when moving the apparatus. In 
these lamps a long loop of relatively heavy 
filament is only supported by its two ends. 
This arrangement is quite strong enough to 
withstand any fair usage, but its mechanical 
limitations should be remembered when 
moving the set. A few wall plugs placed 
round a room add greatly to the convenience 
of the electric system and cost but a nominal 
amount (see Table VII.). 

An electric heater can be switched on to 
full heat in а moment, and though gas fires 
follow closely in this respect they cannot 
compete with electricity as regards the 
cleanliness and portability referred to above. 
After producing the required heating effect 
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the radiator can be switched down to, say, 
| heat to maintain this effect, and finally can 
at once be switched off when its services are 
no longer required. All these advantages are, 
of course, shared by gas stoves. 

Coal, coke, and oil stoves are far behind 
electrical heaters in the respects of cleanli- 
ness, labour required for stoking, lighting, 
Xc., and general convenience and safety. A 
coal fire has to be lit some time before the 
room or oven is required for use and con- 
tinues to burn for some time after the need 
for it has ceased, the residue of fuel in the 
vrate being wasted. 

Electric heaters can be “lit” time after 
time with no additional labour or expense, 
and when in operation their effect is perfectly 
definite and no trouble due to the fire 
becoming “low” and so on can possibly 
arise. No attention 15 required for heat con- 
trol or stoking, and any given temperature 
can be maintained for quite indefinite 
periods without the least attention. 

Next to gas fires, oil stoves approach most 
nearly to electric stoves in convenience, the 
amount of attention required for heat regula- 
tion and fuel renewals being very small. 
Oil stoves are, however, expensive (see 
Tables IV. and XI.) both in first cost and 
operation, dangerous and messy. 

The above points of convenience apply 
even more forcibly to cases of electric cook- 
ing, where the advantages of a perfectly 
definite operating temperature and absence 
of fumes and heating of the surrounding 
atmosphere are boons not to be despised. 
The latter aspect of this question is dealt 
with more fully in the Health Section. 

Risks.—On this point again, electricity 
displays immense advantages. The greater 
risks with gas than with electrical apparatus 
have been examined fairly fully in the 
Lighting Section of this series, and hence 
need little further treatment. Owing to the 
more exposed but less visible nature of the 
flame in a gas stove there is, if anything, a 
greater risk of fire with this method of heating 
than with a coal fire. Therisk of explosion is, 
of course, ever present, and is greater now that 
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а larger escape path, via the burner, 15 avail- 
able in case of accidental displacement of 
the gas-tap. Electric radiators, however, be- 
have just like glow lamps in that if they are 
broken they are at once “burnt out " and all 
risks of fire so disposed of. In convectors 
there is no possibility of fire by breakage or 
otherwise ; the maximum temperature of bare 
convector strips is 260deg. F. to 300deg. F.— 
quite insufficient to cause ignition of any 
material that could come in contact with 
them. Thus the fire risk is 7 with electric 
heating, and this method may be employed 
with perfect safety in motor sheds, powder 
mills, &c., providing any of the many air- 
tight switches now available be used to pre- 
vent danger due to sparks on opening or 
closing the circuit. 

With coal or coke the well-known dangers 
of chimney fires, fires started by live coals 
falling or “ cracking " out of the grate, and so 
on are too familiar to need repitition. 
Though the probability of these risks 
materialising may be minimised by the use 
of fire guards, by cleaning the chimney at 
frequent intervals, and by carefully excluding 
wood or other inflammable materials from 
within or from the neighbourhood of the 
flues, yet the risks undoubtedly exist toa very 
marked degree. 

With oil stoves the usual risks due to a 
naked flame, protected only by a glass chim- 
ney, are present, and in addition there are 
the much greater risks consequent on the 
presence of a quantity of very inflammable 
fuel (which is, moreover, liquid) in the 
reservoir immediately below the flame. This 
oil is extremely liable to ignite or explode, 
whether in consequence of overheating of the 
stove or by overturning of the latter. 

None of these risks attend the use of 
electricity. 

Points affecting the decision as to which 
system should be installed in any given case 
are detailed in the next section, before 
passing on to which a few notes comparing 
the appearance of various heating apparatus 
may be given. This comparison is obviously 
difficult to make, since azy heater can be 


Ihe ELECTRICAL MAGAZINE. (Electricity v. Gas for Heating, &c.) 


made to have practically алу appearance 
desired, but the features mentioned below 
concern the standard types of apparatus 
placed on the market. 

The appearance of ordinary coal grates is 
too well known to need any particular 
comment ; hence, passing on to charcoal 
stoves and slow-combustion stoves, it may 
be noted that these are, in general, of clumsy, 
"heavy" appearance and of little artistic 
value in the decoration of a room. Oil 
stoves may be, and are, made on more 
zesthetic lines. The fundamental burner 
and glass or mica shield is surrounded by an 
open metal-work structure, which may be of 
very pleasing appearance. Gas stoves might 
be made much more elegant than they 
usually are: the ordinary room stove is 
usually remarkable for its squat ugliness, 
while in gas-steam or gas-water radiators 
little attempt is made to relieve the clumsi- 
ness of their build. Electric radiators and 
convectors are undoubtedly the most artistic 
heating agents at present available. In this 
case artistic design is the rule instead of the 
exception. At the lowest prices very beauti- 
ful patterns are available, and the graceful 
curves and lightness of design are no doubt 
largely due to the extensive use of sheet 
copper and brass. ‘The sheet metal being 
used and the whole being very light, the cost 
of material is relatively low. Owing to the 
absence of all flame and fire risk, radiator 
lamps and convector strips can be arranged 
so as to meet the requirements of artistic 
design. 

With regard to steam and water heating, 
the unsightly appearance of pipe ranges 
running round a room and the remarkable 
facilities incidentally offered for the collection 
of dirt and dust behind them are well known 
to all. 

The appearance of cooking ovens is not a 
very important matter, and hence need not 
be considered here, but it will at once be 
apparent that the electrical equipment has 
again the superiority. 

Distinctive Applications of Various Sys- 
fems.— Steam heating is only economically 
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practicable in very large establishments 
where from ro,oooc.ft. to 60,0ooc.ft. of space, 
at least, have to be heated. 

This is owing to the very high initial cost 
of the apparatus required, and to the in- 
efficiency of small equipments. The same 
remarks apply to water-heating svstems, but 
where it is decided to install either steam or 
water heating, steam should be used, if 
possible, since the cost of installation is 
lower than for the watersystem. Practically 
the same boiler will suffice for a L.P. steam 
equipment as for a water system, while the 
pipes required may be of much smaller 
diameter in the former case (see also 
Table I.). 

With steam heating, however, the pipe 
system must be very carefully planned, and 
must be lagged in all exposed parts, or 
the condensation losses will be serious or 
even dangerous. It will be shown in the 
Industrial Section that steam and water 
heating are very applicable to large work- 
shops, and possibly then become more 
economical than electrical heating, but only 
owing to the relatively high price still per- 
taining to electrical energy, and not to any 
inherent limitation or inefficiency of the 
electric system. 

For domestic use steam or water heating 
is not advisable, the only conceivable 
instance in which it might be reasonably 
adopted being that of a country residence 
placed near (uncomfortably near!) a range 
of hot-houses, from the boilers of which 
steam or water pipes, adequately lagged, 
could be run to the house. It is hardly 
necessary to point out that such a system 
would be very expensive and inefficient in 
operation. То make steam or hot-water 
systems economical, a supply of cheap coal 
is necessary in addition to the installation of 
large boilers. 

Coal Grates.—-This means of heating 
being at present universal with by far the 
greatest part of our population, any disserta- 
tion on 2/5 particular applications may 
appear superfluous. 

The disadvantages of coal fires as com- 
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pared with electric heaters are dealt with in 
other sections of this article. ‘The economy 
of their use as regards fuel charges has been 
shown to be very slight, unless a phenomen- 
ally cheap coal supply be available ; while, 
taking all costs into account, this economy 
is, even then, hardly existent (see Tables 
XI. and XIII.). Further, it is common 
experience that in the coal districts, where 
alone coal can be bought very cheaply, the 
quality of the fuel is bad, all the best being 
shipped to the various centres of demand. 

Several cases in which coal fires are abso- 
lutely impossible on account of the danger 
of naked flames may be mentioned. Such 
are motor sheds, which nevertheless should 
be preserved at an equable temperature to 
keep lubricators, carburettors, &c., free, 
while in the subsequent Industrial Section 
we shall find powder mills, flour mills, oil 
warehouses, manufactories of very inflam- 
mable fabrics, celluloid, &c. 

Itis true that for domestic use coal fires 
need no energy supply such as is required by 
electricity or gas, and hence they are appli- 
cable in country districts where the latter 
їз not available. On the other hand, it is 
becoming increasingly common to find 
electric supply (whether from private water or 
suction-gas-driven plant or fromaco-operative 
village power-house) in districts where a gas 
supply would be quite impracticable from 
the constructional, operational, and financial 
points of view. In such cases particularly 
a heating load would be most conducive to 
economical supply. 

Gas. —With this heating agent it is much 
easier to deal in the present comparison. 
The only advantages of gas over coal lie in 
the freedom from ash and soot, and in the 
superior convenience of rapid lighting to full 
heat. The fumes and dangers of naked 
flames are still present, and a risk of explosion 
is introduced previously non-existent. As 
compared with electrical supply, mains are 
necessary as in the latter, but the pipes, both 
main and distributional, are more expensive 
and clumsy to deal with. Electric heating 
obviates at once all naked flames and explo- 
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sion or fire risk, while being quite free 
from soot, ash, and fumes of any kind. For 
this reason electric heating is applicable to 
every phase of domestic usage, and is es- 
pecially valuable in hospitals and nurseries, 
«сс. | 

Flueless Gas Heaters, for which it is 
claimed no flues are necessary and yet no 
danger to health from fumes exists, are 
movable, but are not so conveniently so 
as radiators, owing to their much greater 
weight and to the disadvantage of their 
requiring a flexible armoured tubing instead 
of a “twin” flexible wire. То the health 
aspect of these heaters recurrence is made 
later. 

Gas heaters (like those burning coal or 
oil) must not be used in the neighbourhood 
of explosive or inflammable materials ; steam, 
water, hot air, and electric stoves are alone 
applicable to such cases. 

Ой Stoves present very few qualities likely 
to elevate them in the favour of users. They 
are only of real value in temporary bun- 
galows, or for holiday trips, &c., or where 
coal supply is exceptionally dear or inac 
cessible. True, they avoid ash and soot, 
but the much-increased risk of fire, the 
“messiness” of oil, and the existence of 
smoke and fumes militate against their use. 
Probably oil heating would be adopted as a 
last resort where every other method proved 
impracticable. In such cases, however, the 
difficulty of oil transport must be remem- 
bered: oil cannot be regarded ав the 
infallible ultimate solution of all difficulties 
regarding the provision of methods of 
heating. 

Central Air Heaters are very economical 
of fuel as already shown, but their very high 
initial expense and trouble of installation 
bar them from very general use. For 
certain large installations, particularly in 
halls where a very moderate heat 1s required 
to be maintained for long periods, the system 
has some advantages. Unless provided with 
an elaborate system of ducts the heat dis- 
tribution is liable to be very irregular. 

The system is very healthy and capable of 
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application to explosive neighbourhoods (at 
the cost of special stove isolation chambers), 
but in these features it presents no advan- 
tages over electric systems. 

The distinctive applications of electricity 
have been set out—this form of heating is 
applicable to every case of domestic heating, 
and is inherently suitable wherever decora- 
tive effect, efficiency, freedom from dirt and 
smoke, and from risk of explosion are 
desired. 

Electric radiators should be used in small 
rooms and where temporary use alone is 
required, whereas convectors should be used 
in the heating of a room continuously 
occupied ; the principles governing the 
location of each are the sume, and are as 
already stated. 

For general use there is a great future 
before the combined radiator and convector 
in which one-third the total wattage (reckoned 
at 0.75 to һо watt per cubic foot to be 
heated) is utilised in radiator lamps, behind 
or above which is placed a block of convector 
strips, in a suitable casing, utilising the 
remainder of the power supplied. In this 
way an exceedingly cheerful appearance is 
obtained, together with the radiant heat so 
appreciated from coal fires, and the con- 
vected heat which is so efficiently obtained 
from steam pipes, but in the evolution of 
which an ordinary fire quite fails (all the 
convected heat of a coal fire goes up the 
chimney). 

Health Conditions — Indirect Costs.— These 
are practically the same as set out in such 
detail in the Lighting Section of this series, 
and hence need not be reiterated, except in 
so far as they are changed by the use of 
heating instead of lighting units, and in so 
far as the introduction of sources of energy 
not already dealt with (steam, hot water, 
coal, and oil) affects the comparison. 

As before, electricity is immeasurably the 
most healthy of the means available, being 
even superior to the hot-air system, in that 
no dust can be carried into the room from 
air ducts, &c., where it inevitably collects 
after a time, its removal being both difficult 


and expensive. With electric heating the 
peculiarly musty smell attained by all air fed 
through pipes or ducts is avoided. The 
extreme unhealthiness of all flueless heaters 
will be appreciated from the analyses given 
in the Lighting Section, while from the 
remarks there made the superiority of elec- 
tricity in all matters concerning health and 
indirect expenses will be apparent, especially 
when the higher consumption of fuel, and 
hence greater vitiation of atmosphere 
where coal, gas, and oil are concerned, is 
remembered. 

Steam and hot-water pipes or radiators 
might be considered the we plus w//ra of 
healthy operation, but, as a matter of fact, 
unless the very greatest care be taken in the 
removal of dust and dirt from them, the very 
unpleasant smell of * burnt iron," really due 
to the heating and singeing of dust and fluff 
on the pipes, will be experienced. Anything 
more unhealthy or more unpleasant than 
this could not be imagined. 

In conclusion, we may be permitted to apply 
our results to a conception of the future. 
To look ahead, the days are fast approach- 
ing—indeed, are distant but a moment in the 
eternity of time —when our coal-beds will be 
exhausted. With that exhaustion disappears 
the use of coal gas. Oil lakes probably exist 
still undiscovered, but they, too, will soon be 
drained. Yet electric power will remain. Dy 
water or wind power we shall still be able to 
obtain energy in a form convenient for heat- 
ing, lighting, and power, and it is probably 
to that source of power, the tides— eternal so 
far as we know—that we must look for power 
when the sun has so far cooled as to cease 
regenerating our waterfalls for us. 

Electrical energy, of superior economy, 
even in the zenith days of coal and gas, may 
-—by the use of tidal energy ceasing only 
with the motion of our universe, and hence 
truly corresponding with the “end of the 
world "— be our salvation from the dark and 
cold that must otherwise settle on us and 
exterminate us when the sun becomes an 
earth. 
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ELECTRICITY IN FIELD WARFARE. 
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Russo-Japanese War was that the 

higher technics were not wasted 
upon military men. Throughout these 
tremendous operations the value of organised 
science was again and again brought to 
the front. ‘To take one isolated example, 
it would have been impossible to 
maintain combined operations in a fighting 
front extending for miles, and working 
through country which was often of a very 
broken character, without the extensive use 
of flexible field telegraphs and telephones. 
How much of the results of the fighting was 
due to electricity in its several military 
applications it would, perhaps, be extremely 
difficult to say. It is, however, very certain 
that electrical engineers are obtaining a more 
and more important position in military 
work in the field. 

It is not easy to distinguish. absolutely 
between field and fortress work in relation to 
engineering. While fortress equipment offers 
many opportunities for ingenious and often- 
times large powerapplications of electricity, 
the chief function of the electrical engineer 
in the field appears to be the securing of 
mobility and swift action due to the time- 
saving properties of electricity. At the same 
time it must be remembered that field fighting 
can be rarely conducted in these modern 
times without entrenchments of some kind, 
so that the subjects of field and fortress 
equipment to some extent overlap. 

Our own nation received some extremely 
useful lessons on the value of electrical 
engineering in military operations during the 
South African War, and not the least 
instructive, as well as a very thrilling, 
contribution to the proceedings of the 
Institution of Electrical Engineers is the 
lecture which Lieut.-Colonel R. E. Crompton, 


O” of the most important lessons of the 


Е.Е. (R.E.) V., gave at the end of 1900 as 
the result of that enterprise. From that 
account we may summarise the sphere of 
the electrical engineers in field. warfare as: 
the arc and incandescent lighting of working 
parties, depots, railway sidings, and the like; 
the reconstruction of telephone and telegraph 
lines and instruments destroyed by an enemy; 
the laving of temporary communications 
with flying columns and the various points 
of firing lines; the overhauling and 
equipment of electric block and gong 
systems on railways; the illumination of 
points subject to night attack; and the 
operation of searchlights for discovering the 
position of an enemy, signalling by flashes of 
light at night, and aiding the operations 
of friendly troops. In order to appreciate 
the way in which these operations were 
carried out by the Corps of Electrical 
Engineers (Volunteers), it is necessary to read 
the report of that lecture, and also to read 
between the few lines which the modesty of 
Colonel Crompton would permit him to 
write. 

One of the first uses electricity possesses 
for the military engineer is, therefore, its 
application to the searchlight, and Figs. 1 
and 2 illustrate the type of equipment 
supplied by Messrs. Crompton & Co., Ltd, 
which went out to South Africa. Although 
since that date the numerous improvements 
which have been introduced have left these 
obsolete, they are of interest as possessing 
the value of actual service. For military 
purposes 24in. and in some cases 3oin. 
and even 36in., projectors are used in the 
latest designs of this firm for mounting on 
field-service equipments. The arc lamp is 
arranged for automatic or hand feeding, 
having horizontal carbons, the arc being 
kept steady in a central position. by a 
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suitably placed magnet. The projector 
cart as now constructed is self-contained, 
mounted on four wheels, and has accom- 
modation for two men. The cart, which 
is drawn by four horses, carries a portable 
tower and projector, the latter two fittings 
being readily detachable from the cart. 
The cart is made as light as possible 
consistent with strength, and space is 
provided for the stowing of the projector 
spare parts and carbons in the cart. Тһе 
telescopic tower carrying the table and 
projector is capable of extending these 
parts to a height varying from 2oft. to 4oft., 
and from the moment of halting to the 
placing of the projector in position at the 
top of the full extension of the tower the 
time taken is only a few minutes. During 
the period when the Pretoria and Delagoa 
Bay Railway was threatened by night attacks 
from a Boer commando, it was found 
necessary to install a searchlight at the top 
of the colliery shaft near Brugspuit Station, 
the dynamo being driven from the mine 
engine. In this case, as in many others, the 
advantages of height were fully realised, and 


ELECTRIC PROJECTOR AND CART AS USED IN SOUTH AFRICAN WAR. 


the elevation of the projector has another 
incidental advantage, that, in case the fire of 
the enemy is drawn by the light, there is 
some chance of the projectiles passing over 
the heads of the men working the search- 
light. Тһе usual field equipment consists 
of a set of four carts, one being the projector 
cart above described, carrying the tower and 
projector with its spares; the engine cart 
mentioned below; a cable cart carrying the 
necessary cable to run between the generator 
and projector, and also a small drum for the 
controller cable ; and one tank cart, or two if 
it is thought necessary, to provide petrol or 
spirit for the engine. The cable carts 
carrying the flexible connections from 
dynamo to searchlight are arranged so that 
the seats and all fittings can be removed as 
soon as a halt is made, thus enabling the 
cable to be readily run off the drums. Plug 
connections are mounted on the cable barrel, 
the loose end of the cable being taken to the 
projector. The flexible connections аге 
taken from the generator cart, so that no 
loose ends hang about. 

One of the great problems connected with 
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Fic. 2. GROUP OF 241N. PROJECTORS. 


electricity supply in the field is the transport with safety draw-off and filling arrangements. 
of fuel to work the electric equipment. As Its size is dependent on the radius of action 


the result of service 
conditions, however, 
there is no doubt 
that oil or petrol is 
the most universally 
adaptable agent of 
heat, failing the pre- 
sence of aboiler which 
will accommodate 
itself to anything 
from wood palings to 
dried grass. More- 
over, in many situa- 
tions water is unob- 
tainable. For this 
reason the latest type 
of generator cart is 
fitted with a dynamo 
directly driven from 
an о! or petrol 
engine, the cart being 
arranged to be drawn 
by four horses, and 
provision being made 
therein for tools of 
every description. As 
an adjunct to the 
generator cart is the 
fuel cart, which is a 
simple arrangement 
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required, and in some. equipments it is 
divided into several units. Тһе latest system 
of control gear consists of a small controller 
of exceedingly light construction and fitted 
with straps so that it can be strapped toa 
man’s body. From this controller a light 
cable, which can be made to a length of, say, 
200 yards long if necessary, passes up from 
this to the projector. The controller itself 
is worked by one handle in order to allow 
the operator to use one hand for discerning 
the enemy or object of fire at a distance, 
while with the other he can control the 
projector with the one handle so as to 
give it movement in either the horizontal 
or vertical planes at various speeds. 

With regard to the searchlights or pro- 
jectors themselves, Figs. 3 and 4 show 
typical projectors. The whole head is 
mounted on a circular ball-bearing race, so 
that, if necessary, it may be swung round in 
searching operations with the utmost swift- 
ness. In addition to this, slow-motion hand- 
control gear is usually fitted to the pro- 
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jector, consisting of a hand wheel working on 
a worm, enabling the light to be swept slowly 
round in a horizontal plane with great 
steadiness in order to search the ground 
thoroughly. Another hand wheel working 
on a vertical sector gives control to the 
vertical movements of the beam, so that the 
utmost flexibility and precision are obtained 
through a range of about 3odeg. above and 
3odeg. below the horizontal position. This 
hand control is fitted with quick throw-out 
devices, which, when thrown out auto- 
matically, bring the gear into action ready 
for electrical control, this being nowadays 
largely adopted. 

Mention was made above of the liability 
of the searchlight to draw the enemy's fire, 
and to overcome the troubles attendant 
on this feature, as well as to give the 
operators a very much better chance of 
discerning their objects when standing at 
a distance from the projector itself, Messrs. 
Crompton & Co., Ltd., fit their latest type 
projectors with an electrically operated re- 
mote control which is auxiliary to, but does 
not interfere with, hand operation. Fig. 3 
shows this gcar, which consists of a motor- 
operated turn-table and an electric drive 
on to the vertical sector. ‘The motors, 
which are waterproof, are concealed in the 


"base of the projector and drive the gearing 


through slip clutches, so that there is no 
fear of overwinding. Both these motions 
are controlled by a rheostat and controller 
gear mounted in the upright standard shown 
to the left and in the rear of the projector, 
but later field-service patterns include the 
lighter form of controller mentioned, consist- 
ing of a controller capable of being strapped 
to the body. In the type shown in Fig. 3, 
which is probably more useful for coastal 
defence than for field work, the controller 
can be mounted in any convenient position 
under cover, wires being run from it to the 
projector. The handles are so arranged 
that the movement of the vertical handle 
produces vertical movement of the beam, 
while the movement of the horizontal handle 
produces a horizontal displacement of the 
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light. The principle is essentially the same 
as in some of the modern electric jib-crane 
controlling equipments, and is far superior to 
the older method of attaching an arch-piece 
to the horizontal movement operated by 
a cross head and guide ropes from the 
covered entrenchments. 

Passing reference was made above to the 
use of electricity for signalling purposes. 
In lands such as India and Egypt, where 
continuous sunshine may for a long period 
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of the year be relied upon, our forces have 
been accustomed to the use of the helio- 
graph for transmitting messages either on the 
Morse code or by private signals. Where 
sunshine is intermittent and over distances 
too great for flag signalling, and principally 
at night, the electric projector is extremely 
useful for this purpose. As a matter of fact, 
searchlight projectors are now being used 
very largely by naval departments for day 
signalling by battleships and cruisers, the 
results obtained being highly satisfactory, 
as the beam and flash from the search- 
light at a great distance can be seen 
and signals taken when a ship is at such 
a distance that it is almost invisible in 
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the daytime. When used in signalling 
operations it is fitted with a series of parallel 
vanes or slats capable of turning on their 
long axes, and mounted in a frame. These 
аге lever-connected to а hand-operated 
handle, so that they are opened and closed 
in a similar manner to the “swell " shutters 
of a church organ. Fig. 4 shows a 36in. 
projector fitted in this manner, and it is 
evident that when the shutters are edge on 
to the beam, this is able to pass out with 
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MODERN SELF-CONTAINED ELECTRIC SEARCHLIGHT EQUIPMENT ON MOTOR CAR. 


practically undiminished strength. A revo- 
lution through godeg. of the shutters, how- 
ever, totally obscures the light. It will be 
remembered that during the siege of Lady- 
smith the first communication between the 
beleaguered garrison and the relieving 
columns was effected by means of searchlight 
signalling. 

One of the latest developments of the 
modern military searchlight equipment for 
operations in the field is shown in Fig. 5, 
which represents an automobile searchlight 
apparatus belonging to the No. 1 Tyne 
Division of the Royal Engineers (Volunteers), 
and which is one of the most recent additions 
to the engineering equipment of the British 
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Army. It will be seen that the searchlight, 
which is of 4000c.p. beam, is mounted on an 
extension of a medium-speed motor - car, 
driven bya four-cylinder 45b.h.p. petrol motor, 
driving the tractor by means of a chain and 
sprocket wheel attached to the rear road 
wheels. It is constructed to run up to 
twelve miles an hour on smooth roads, but 
is furnished with very heavy rubber tyres, 
enabling it to negotiate roads which have 
been cut up by the passage of troops and 
artillery, and even to run over ploughed fields 
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at a slower speed. Тһе fuel is carried in 
cylinders low down in the car, and taken to 
the carburettor of the searchlight motor by a 
small force pump. Immediately behind the 
engine in the illustration will be seen the 
radiator, and behind that again the measuring 
and control instruments for the searchlight. 
When travelling from one point to another 
the diverging lens of the projector is carried 
in a position immediately behind these in- 
struments, and when the projector is put 
into operation the lens is taken from this 
position and mounted on the front of the 
searchlight at the rear of the car. In order 
to operate the equipment two men are 
required, but the car is capable of carrying 
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four extra men if necessary. The whole 
arrangement forms a remarkably compact 
and portable equipment, of which much may 
be expected in time of war. 

A considerable amount of the work of the 
electrical engineer contingent attached to 
an army is the turning of night into day for 
the furtherance of constructional engineering 
operations upon which the movements of an 
army depend. An enemy in retreat, for ex- 
ample, makes a point of blowing up railway 
bridges, exploding dynamite cartridges under 
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the permanent way, and breaking up any 
power-producing plant which may eventually 
be turned to use against them. Quoting 
once again from Colonel Crompton’s lecture, 
we may recall the fact that during the advance 
of the railroad from Bethulie to the Vaal arc 
lamps were worked nineteen nights, and, 
assuming that one night’s work is equal to 
two-thirds of a day’s work, the advance of the 
railroad was hastened by not less than 
twelve days, the money value of this alone to 
the nation repaying many times over the en- 
tire cost of equipping and sending out the 
electrical engineers. Difficulties are often 
experienced in obtaining the necessary source 
of power for such lighting operations, and 
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engineers have since been busy in perfecting 
small transportable units capable of being 
rigged up wherever desired, in place of 
wrecked machinery, for lighting places such 
as ralway depots, hospitals, and attack 
points. As an example of the type of port- 
able plant which may be considered suitable 
for use in this way where steam is available 
may be mentioned the group of enclosed two- 
crank forced-lubrication engines and direct- 
coupled dynamos designed by Messrs. 
W. Н. Allen & Co., Ltd., of Bedford, to the 
order of the Government for use in dockyards, 
and shown in Fig. 6. The necessary re- 
quirements met in this design are strength, 
compactness, and as much enclosure as 
possible. They are each drawn by four 
horses, and are completely ready for coupling 
up to an available source of steam power. 
The dynamos, which give an output of 105 
volts, ббоатр., at 4oor.p.m., are of the six- 
pole compound-wound type, and each set is 
mounted on a substantial wagon with a 
corrugated-iron roof. The sets are provided 
with waterproof curtains hung from the roof, 
which protect the plant from weather and 
can be drawn aside when required. The 
weakness of steam sets for military purposes, 
even in depot work, is that boilers of the re- 
quired pressure are not always available, and 
even then fuel cannot always be found. 
Petrol, on the other hand, has the disadvan- 
tage that, in our own country at any rate, no 
natural source is obtainable, and we should 
be compelled to rely on storage or on supply 
by sea. 

The important subject of telegraphy and 
telephony has not yet been dealt with, and 
we here find a considerably wider scope than 
the limits of this article will allow. Attached 
to every division of infantry brigades during 
operations in the field is a telegraphic corps 
whose duties are to erect, in either a 
temporary or permanent manner, telegraphic 
lines and to work the instruments. They 
have also frequently to repair the damage 
done to trunk lines, railway telegraph and 
railway signalling systems, апа to take 
charge of these in the interests of the 
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military authorities. Incidentally they have 
gently but firmly to resist the strenuous 
efforts of the war correspondent to get his 
dispatches through before those of the 
Commander-in-Chief. The cable detach- 
ments of a telegraphic corps are sometimes 
required to work right up to the head- 
quarters of an infantry brigade during action, 
and this not infrequently includes not only a 
considerable amount of personal danger, but 
a very great likelihood that communication 
may very shortly be again interrupted. This 
service therefore calls for a combination of 
personal bravery and technical knowledge 
which is somewhat exacting. The necessity 
for electric intercommunication does not, 
however, end with tapping the headquarters. 
Communication by “flagging” puts the 


 signallers into exposed positions, and over 


long routes is tedious. Moreover, the 
messages can very possibly be read by the 
enemy, and the same applies alike to lamp 
signalling, heliography, and even searchlight 
flashing. In this connection the field tele- 
phone is receiving a degree of attention from 
military authorities which is the more marked 
because the Japanese in Manchuria made 
such use of the telephone. Its use involves 
no special training in signalling; the wires 
may be run across a zone exposed to a hot 
fire, it is the ideal medium for exchanging 
messages at great speed; and, above all, it 
possesses secrecy. Situations and positions 
are not revealed to the enemy, and there is 
very little likelihood of information being 
tapped by hostile troops. The value of the 
field telephone was realised during the South 
African War, Lord Kitchener’s staff having 
attached to it two of the Electrical Engineers 
(Volunteers) to use their bicycles and field 
telephones as required at the front. The 
bicycles were provided with reels on which 
bare copper wire of small diameter was 
coiled, suspended at the back of the saddle 
so that, as the sapper rode, he laid down the 
line. 

One of the latest applications of the field 
telephone is the apparatus illustrated in 
Figs. 7 and 8, which show the Medhurst 
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portable telephone and telegraph instrument 
made by the International Electric Company. 
The whole outfit weighs only a little over 
4lb., and ;the number of accessories is 
reduced to a minimum. It consists of a 
transmitter of the sealed capsule microphone 
type, hermetically sealed and impervious to 
moisture; a receiver of a double-pole 
watch pattern with an adjustable clamped 
diaphragm, and fitted with a telaupad ; and a 
telegraph Morse key which is depressed 
while speaking, and which can also be used 
in conjunction with a switch and buzzer for 
telegraphic messages. ‘This buzzer consists 
of a coil and armature constructed so that 
two dry cells giving 3 volts are enough 
to allow communication over long distances 
with a margin of battery power. The high 
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e.m.f. and frequency produced 
in the buzzer cause the receiv- 
ing telephone to sound, even 
when, owing to defective lines 
or even a broken circuit, speak- 
ing has become impossible. 
The cable used is generally 
single wire with earth return, 
as twin wire doubles the weight 
and is liable to kink and short 
circuit. Stranded wire weigh- 
ing from 2olb. to 251b. per mile 
is used, and a cable drum, seen 
in Fig. 8, carries about 550 
yards of light field cable of this 
description. It is, of course, 
well insulated, but use may be 
made in emergencies of ordinary 
fencing wire for opening up 
communication between out- 
posts. The chief uses of the 
field telephone may be sum- 
marised as being between 
bodies of troops in the early 
stages of an attack in an out- 
post line; between  head- 
quarters and battalion and the 
firing line, and between infantry 
brigadiers and their divisional 
and battalion commanders ; be- 
tween the officers commanding 
artillery and the units under his command, 
and between batteries and their observing 
stations. Ammunition columns have also to 
be kept in touch with the artillery they are 
serving, and one of the latest applications is 
for transmission of messages from observing 
officials in captive balloons to headquarters. 
It is invaluable for cavalry, enabling them 
to tap wires or to utilise existing wires by 
means of phonic buzzing, thus transmitting 
information to the rear. It will be seen, 
therefore, that the field telephone is a most 
important adjunct to modern warfare. 

It is impossible to more than briefly 
summarise the part taken by electricity in 
modern military life in the field, or to make 
more than a general reference to future 
possibilities. There is no doubt that 
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wireless transmission of mes- 
sages, both by telegraph and 
telephone, will be a prominent 
factor in any future fighting. 
Major Edgar Russell, of the 
United States Signal Corps, has 
already conducted experiments 
in this direction whereby mes- 
sages were received by a balloon 
one to five thousand feet high 
from а . transmitting station 
twenty-five miles away, and the 
chief difficulty at present seems 
to be the transmission of mes- 
sages by electric discharges so 
near to a volume of gas. A 
considerably more deadly de- 
velopment may be the use of 
high-tension electricity in con- 
nection with wire entangle- 
ments. Such devices were used 
at Port Arthur, and had ap- 
parently a particularly ghastly 
effect. Whether this means ot 
extermination will be ranked 
with the ‘“ dum-dum " remains 
to be seen. And perhaps in а 
kindlier way electricity may 
play its part in the theatre of 
war in rendering the task of 
the surgeon more easy. Dr. 
Behr, an eminent surgeon, has recently 
introduced an electric surgical knife which 
will, it is hoped, have a great effect in 
rendering operations both bloodless and 
rapid. It is not so much the shock of 
pain as loss of blood that renders a good 
many military surgical operations nugatory, 
and electricity, by coagulating the blood, 
limits hemorrhage. Whatever the ultimate 
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uses of electricity in this sphere may be, it is 
evident even now that should Great Britain 
ever again have the misfortune to be 
compelled to resort to arms, electrical 
engineers will be required, both in the field, 
to utilise their special knowledge, and at 
home, to see that the best appliances are 
manufactured and supplied to our Army. 

J. A. SEAGER. 


THE DEVELOPMENT AND CONSTRUCTION OF 
THE ELECTRIC PIANO PLAYER.* 


OP 


HE wonderful results obtained by the 
great masters of the art of piano 
playing ordinarily serve to disguise 

from us the simplicity of the means em- 
ployed. This mechanical simplicity at an 
early date directed the attention of mechani- 
cians towards seeking a substitute for the 
pianist’s fingers. When a piano key is 
struck its hammer is thrown against the corre- 
sponding string, from which it immediately 
rebounds part wav, and in this intermediate 
position it is caught and held until the 
key is released. The depression of the key 
simultaneously lifts the damper from the 
string. Both hammer and damper are there- 
fore clear of the string while it is sounding. 
Nothing can be done to the key before the 
hammer is thrown, or after it is thrown and 
before the damper is returned, that can at 
all alter the tone produced. In any given 
instrument the pianist controls manually 
only the velocity with which the hammer 
strikes the string, and the return of the 
damper. ‘The ordinary pedals add no new 
feature; they merely add to the ease of 
control. The wonderful art of piano playing 
is therefore built up by varying two simple 
elements. 

Froment appears to have attacked the 
problem as early as 1850, but the author has 
not been able to obtain any accurate 
account of this work. In 1861 a patent for 
an electric player was taken out in Wür- 
temberg by Andre. In 1867 the celebrated 
mechanician Hipp exhibited an electrically 
operated piano which is worthy of some 
attention. It may be considered as the 
foundation of the work of the present day, 


* Paper read by John F. Kelly, Ph.D., at a meeting of 
the Franklin Institute (U.S.A.), November, 1908. 


and, indeed, in some respects it is in advance 
of much of the subsequent work. The 
Hipp apparatus consisted of two parts, a 
transmitter and a receiver. ‘The latter con- 
sisted of a series of electro-magnets with 
armatures pivoted so as to swing towards 
and across the poles, and having the arma- 
tures connected by wooden rods with the 
jacks of the piano action. Тһе transmitter 
employed a roll of perforated cardboard or 
cloth, similar apparently to the music rolls 
now so familiar, which was drawn by means 
of clockwork from one wooden roller to 
another. On its course it passed over a 
metallic roller and under a comb consisting 
of wires properly spaced and held in an 
insulating frame. The roller and the wires 
of the comb formed terminals of electric 
circuits including the magnets in the piano. 
The method of action is obvious. It is 
necessary to add that expression was con- 
trolled by the insertion of resistances in the 
common return. ‘That he chose a type of 
magnet whose action could be modified in 
this manner is one of the evidences of 
Hipp's knowledge and careful work. 
Another Swiss, Spiess, exhibited an electric 
player in Paris in the following year, 1868. 
So far as the description goes, this player 
seems to be substantially the same as Hipp's. 
We are more fortunate, however, in that we 
possess a contemporary statement as to the 
results obtained. The clearness and dis- 
tinctness in rapid passages are the subject of 
special praise. It may be of interest to add 
that Hipp operated with ten Bunsen cells 
and Spiess with thirty-six Daniell cells. о 
a considerable extent Hipp and Spiess must 
be regarded as being too far in advance of 
their time. ‘he lack of a cheap supply of 
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electric energy and the relatively small number 
of pianos in use would have precluded com- 
mercial success in any event. 

At much about the same time as Hipp 
and Spiess, Prof. J. B. Webb and Mr. Oberlin 
Smith were at work on the problem in 
America. They sought to replace the per- 
forated tape by one having the notes printed 
in metallic ink, and they tried also a con- 
ducting tape with the notes printed in 
insulating ink. Other work proved more 
attractive to both inventors, and they aban- 
doned the piano player in an unfinished 
condition. 

In the late seventies and early eighties 
William F. and Henry Schmoele of Phila- 
delphia took out a number of patents relating 
to piano players. One of the patents de- 
scribed a music roll with the notes printed in 
metallic ink. The Schmoeles, who had on 
the whole a very clear idea of what a piano 
player ought to do, seem to have been deterred 
from the use of a straight electric action by 
the cost and unreliability of the supply of 
electricity at that time. They fell back on 
an electro-pneumatic action similar to that 
employed in playing organs from a distance, 
or, to compare their apparatus with what 
has now become more familiar, it resembled 
the present-day pneumatic action with the 
primary pneumatic replaced by an electric 
action. 

At the Electrical Exposition of 1881 in 
Paris, Carpentier, the well-known instrument 
maker, exhibited a piano-playing apparatus 
which he called a repeating Melograph. The 
name Melograph had already been applied 
to an instrument exhibited in Vienna in 
1873 designed to record piano playing. The 
complete Carpentier instrument was intended 
to cut a record of a composition played at 
the keyboard in the ordinary manner, and 
then to use this record as the music roll in 
the reproducer. Іп reproduction, which 
alone concerns us, Carpentier introduced a 
new idea. A shaft revolving at a fixed speed 
was placed under the keyboard. A number 
of brake shoes, corresponding to the keys to 
be operated and linked to them, were placed 
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contiguous to the shaft, and pivoted so that 
a slight motion would apply them to it. 
When so applied the friction developed 
would pull down the piano keys with a force 
dependent on the speed of the shaft. The 
magnets controlled by the music roll, instead 
of operating the piano action, had only to 
throw the brake shoes against the rotating 
shaft. In this way it became possible to use 
smaller magnets and to economise in the 
use of electric energy, but unfortunately at 
the cost of losing control of expression. 

Some dozen or more years later Carpen- 
tiers scheme was taken up by an American 
inventor, Mr. G. H. Davis, and embodied in 
a commercial machine. In the machine as 
now constructed Carpentier’s cylindrical 
shaft has been replaced by one in the shape 
of the frustum of a cone with small apical 
angle. The chief improvement, however, is 
the addition of a hinged, three-piece, soft- 
pedal bar, controlled by three levers. By 
means of this, expression may be imparted 
manually to music which, as controlled by 
the music sheet alone, would be perfectly 
flat. 

Most inventors, however, have preferred 
to follow in the line marked out by Hipp. 
It has been shown that Hipp inserted 
resistance in the circuit with a view to 
varying the strength of the magnets, and so 
the intensity of the blow of the hammers. 
Although Du Moncel described Hipp as 
obtaining in this manner a satisfactory range 
from forte to piano, a little consideration will 
disclose an essential weakness in the scheme : 
any given resistance introduced into the 
main circuit will have an effect the greater 
the more magnets in circuit, а very un- 
desirable result. Yet it was not until some 
thirty years later that it was shown that the 
true method is to insert a separate resistance 
in each branch circuit. Before condemning 
too severely the electrical inventors occupied 
with piano players for their slowness in 
discovering this point, it might be well to 
take into consideration that an analogous 
fault still exists in some of the pneumatic 
players of to-day. 

D 
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A, music-tape case; B, music tape; C, tracker roll; D, reading finger; E, ivory 
insulating block; F, contact bar; G, contact wire; H, 
J. comb wire; A, terminal; L, resistance coil frame; M, cradle casting; 
N, adjusting screws for contact bar; P, platinum strip and contact bar; 
Q, platinum bands on contact wires; R, swivel rod for reading fingers. 


In order, however, that insertion of 
resistance may give effective control of the 
magnetic pull, and hence of the touch on the 
piano keys, it is necessary that the magnets 
should be peculiarly constructed. It is 
necessary that the attractive force should be 
near its maximum when the armature first 
begins to pull on the piano action. When 
a magnet is employed in which the attraction 
on the armature rapidly increases as the 
armature moves towards the poles, it is 
practically impossible to control the 
movement by the control of the current. 
In such a case the current that is required 
to start the armature from its initial position 
suffices for a violent blow at the end of the 
path. Hipp perceived this, but it was 
overlooked by many of his successors. 

Those who have had experience with 
pneumatic players know that one of the 


most serious difficulties with such 
instruments is the susceptibility of the paper 
music roll to atmospheric conditions. 


Naturaly the same trouble is encountered 
when a paper roll is used in an electric 
plaver, and there are some new troubles. The 
fact that the paper is pulled between a wire 
comb and a rotating cylinder, instead of being 
drawn over a smooth tracker board, does not 
make for better tracking. And again, if the 
electric pressure be high, there is a tendency 
to burn the paper where it acts as a circuit 
breaker; while if it be low there may easily 
be uncertainty as to contacts. 
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In a series of patents 
. running from 1901 to 
1904 T. B. Powers, 
partly in collaboration 
with M. R. Jewell, has 
shown a player com- 
bination designed to 
overcome these difh- 
culties. Powers's direct 
“ла contributions аге more 
important than those 
of any of his American 
predecessors, and he 
has also shown great 
| talent in his utilisation 
of the elements he took over from the prior 
act. His most important improvements are 
the substitution of thin metal tape for paper 
in the music roll, and the introduction of 
individual resistance coils in the branch 
circuits. 

In 1905 the author acquired the Powers 
patents and organised the Telelectric Com- 
pany to manufacture a player in accordance 
with them. Naturally in the course of 
manufacture many improvements in detail 
have been introduced, and some of great 
importance. It would be useless and 
wearisome to point all these out, but it will 
be of interest to describe the players now 
made, directing particular attention only 
to such changes as materially modify the 
musical results. 

The apparatus in general plan recalls that 
of Hipp. The use of a metallic instead 
of a non-conducting roll has necessarily led, 
however to a material change in the 
construction of the comb. In this instrument 
each of the elements of the comb consists of 
two parts—a reading finger proper, and 
insulated from this a wire acting as a contact 
maker. ‘The contact is made with a separate 
contact bar instead of with the tracker roll, 
as in the Hipp apparatus. These elements, 
and a corresponding set of small resistance 
coils, are, in the standard sixty-five-note 
apparatus, set in a special frame, which, 
from its being pivoted in front to allow of a 
rocking motion, is usually called the cradle. 


resistance coil; 
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The cradle is shown in Fig. r, and its 
relation to the rest of the 
the general view Fig. 2. In Fig. 3 
the construction and relation of the 
reading finger 2, with its contact wire G, to 
the contact bar Fand the resistance coil 77 
are clearly indicated. Тһе ivory block Æ 
serves to insulate the reading finger from 
the wire. It will be clear also from this 
figure that the metal music tape Z, when 
unperforated, will lift the reading finger D, 
and so break the connection between the 
contact wire and the bar 7 Тһе wire / is 
one of a set forming a second comb serving 
to maintain connection between the resist- 
ance coils and the cable terminal Æ. When 
the cradle is rocked upwards the resistance 
coil js raised, and, as an 
inspection of the figure will 
show, resistance is intro- / 
duced into each circuit. 
This rocking of the cradle 
may be effected either 
automatically by means of 
the magnets shown at Ж, 
L, and M in Fig. 2, or 
manually by means of the ge 
handle shown at AV in the 
same figure. Eu 
The winding and un- 
winding of the tape con- c 
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stituting the music roll are accomplished 
by means of an electric motor Æ provided 
with a governor .S, Fig. 2. The transmission 
from the motor to the winding and rewinding 
rolls is through a pair of rubber belts and a 
set of gear wheels. Тһе lifting of the 
tracker roller into place by means of the 
lever Z, Fig. 2, puts the winding gear in 
mesh, while the lowering of the same roller 
shifts to the rewinding gear. This shift may 
be effected by pressing the button C, but 
ordinarily it is effected automatically at the 
end of the selection by means of the trip 
magnet V, Fig. 2. At the end of the music 
tape an opening is cut which allows a special 
reading finger to close the circuit of this trip 
magnet, thus dropping the tracker roller and 
shifting the gear. 

J With this instrument a 
governor must be provided. 
Not only must this main- 
tain a steady speed, but it 
must maintain steady any 
speed the operator may 
choose. The simple make- 
and-break ball governor 
shown in Fig. 4 accom- 
plishes this remarkably 
well. The speed is varied 
by shifting the position of 
the contact arm 4 by means 
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A, music-tape case; B, music tape; C, cradle; D, swinging carriage; E, base; F, rubber belt drive; G, gears; 
Н, starting switch; 1. expression cut-out knob; J, trip switch; A, forte expression magnet; L, medium forte 
expression magnet; M, piano expression magnet; М, expression handle; P, tempo handle; Q, carriage latch; 
R, motor; S, governor ; T, lifting lever; U, trip button; V, trip magnet; ІР, base subduing switch; ЛХ, sustaining 
pedal button ; Y, soft pedal button ; Z, treble subduing switch. 
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A, music-tape case; B, music tape; C, tracker roll; D, reading finger; E, ivory 
insulating block; F. contact bar; С, contact wire; H, resistance wire ; J, comb 


148 


The music tape is a 
brass ribbon sin. wide 
and 4 owain. thick. The 
perforations for the 
notes are arranged in 
a similar manner to 
those on the paper 
rolls, but on a much 
smaller scale. The 
brass is only one-third 
as long as the paper for 
the same music. That 
the same proportion is 
not exactly preserved 
in width is due to 
the fact that the brass 


wire; K,terminal ; L, resistance coll frame; P, platinum strip in contact bar; 


О, platinum band on contact wire; R, swivel rod for reading finger. 


of the handle 2, Fig. 4. This simple and 
absolute control is of special value in 
accompaniments. Because of it, it becomes 
easy for any singer to accompany himself. 

Fig. 5 showstwo views of one of the actua- 
ting magnets and the means of attaching 
the armature to the piano key. It will be 
observed that the rotary armature is so 
shaped and set with reference to the poles as 
to ensure a strong initial attraction, which, as 
before pointed out, is necessary in order that 
the touch on the piano keys may be effectively 
controlled by varying the current in the mag- 
net winding. А small screw eye is put into 
the key, the connection between this and the 
armature being made by means of a flexible 
steel wire. Тһе eye of the screw carries a 
small rubber cushion to prevent any clicking 
from being developed by the wire striking 
against the screw. It will be observed that 
this method of connecting leaves the keys 
entirely free at all times, so that, for instance, 
one may play a duet with the electric appara- 
tus as a partner. 

Magnets similar to the key magnets, but 
larger, are used for operating the pedal bars. 
These magnets are controlled by perforations 
made at suitable points in the music tape, or 
they may be operated at will by the buttons 
Xand Y, shown at the centres of the handles 
P and JV. in Fig. 2. 


tapes carry other per- 
forations than those 
corresponding to the notes.  Perforations, as 
stated already, are provided for controlling 
the action of the pedals, for varying the 
resistance in the circuit, and for shifting to the 
rewinding gear at the end of the selection. 
The cutting of each selection is so arranged 
that the ¢empo of any selection will be nor- 
mal for a fixed motor speed. This applies 
even to what may be called the normal 
variations from the standard empo of the 
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A, contact arm; В. governor bracket; С, follow spring; 
D, point of break; E, platinum point on contact 
arm; F, platinum point on follow spring; G, 
governor spring; H. governor disc ; J, hinges for 
governor spring; K, governor bails; L, insulation 
block ; M, shunt coll; P, tempo handle R, motor. 
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selection. Such varia- 
tions are incorporated 
in the cutting. Varia- 
tions in Zemfo to suit 
special tastes may be 
readily introduced by 
turning the handle 2, 
Fig. 2, right or left, as 
may be required. 

Apart from the varia- 
tion in empo, the 
means of obtaining ex- 
pression so far de- 
scribed consist in the 
variable touch on the 
piano keys obtained by 
the use of variable re- 
sistance and the use 
of the pedals. 

It will be evident from this description, 
therefore, that two distinct purposes have 
been kept in view in the building of the 
Telelectric player. On the one hand the 
attempt has been to build a machine which, 
when left to itself, will reproduce with perfect 
accuracy the music as written by the com- 
poser and with the proper interpretation. 
From this standpoint the music rolls are 
cut, carefully avoiding all *adaptations" to 
make it easier for the player, and all the 
peculiarities of interpretation of this or that 
virtuoso. For steady use and to meet the 
general cultivated taste, standard normal 
music is best, and music so cut forms the 
best basis for those who wish by manual con- 
trol to obtain a personal interpretation. On 
the other hand, keeping in view this desire 
for a specialised or individualised interpre- 
tation, the instrument is provided with ex- 
tremely simple means by which anyone with 
special tastes may vary the expression to 
suit himself. 

Still further control of expression is of 
course desirable. In many cases a much 
improved effect is produced by playing bass 
and treble at different degrees of force. 
This is accomplished in a simple manner by 
dividing the magnets into two groups, so 
that two different electromotive forces may 
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A, armature: B, poles; C, armature shaft; D, brass yoke; E, swivel; F. 
return spring ; С, pull-down wire ; Н, screw eye ; J, piano key ; A, rubber buffer. 
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be simultaneously used. The electromotive 
forces may be varied by means of the 
switches IV and Z in Figs. 2 and 6. This 
improvement is incorporated in all the sixty- 
five-note standard players. Ifthe author were 
to use the language of the piano-player adver- 
tising agent, he would describe this change 
as causing the accenting of individual notes 
and as bringing out the melody. This 
language is far too strong, and, like all 
exaggerated language, it 1s not only harmful 
in its direct untruth but it leaves one without 
terms to describe further improvements when 
actually made. Of course when the notes 
are thus divided into two groups all notes 
occurring simultaneously in either group are 
struck with equal force. 

The musical advantage of a distinct in- 
dividual accent is so great, however, that for 
two years the author has largely devoted 
his efforts to securing it, with the results 
that are shown in the eighty-eight-note 
player, Fig. 7. The simplest way to get 
an individual accent would be to prac- 
tically duplicate the tape, using different 
electromotive forces on the parts. Imagine 
the music tape as made up of two parallel 
longitudinal bands, correspondingto a divided 
contact bar with a permanently maintained 
difference in potential Imagine also the 
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reading fingers, rheostats, and other acces- 
sories duplicated in each section, z.e., one 
wire from each section for each magnet and 
piano key. Then it will be clear that a note 
would be accented or not according to 
which section carried the corresponding 
perforation. Unfortunately the system calls 
for music rolls nearly twice the width 
required for non-accenting rolls, greatly 
increases the cost of the rolls, and is other- 
wise clumsy. 

To keep the roll within reasonable dimen- 
sions, and at the same time obtain the 
requisite control over the force of the blow 
supplied to different keys, was the subject of 
much thought. Theauthor became satisfied 
that some system of grouping the notes must 
be used, and worked out several plans for the 
control of the groups. "These plans, with the 
exception of that now being introduced into 
practice, it is unnecessary to describe. As 
to the grouping, the first idea that presented 
itself was, instead of simply dividing the 
scale into bass and treble, to cut it up into 
numerous sections. It would thus be possible 


to confine the accent within a narrow sec- 
tion. Unfortunately, until the section is 
reduced to the compass of but a single note 
it is always possible that it may contain a 
note which it would be undesirable to 
accent. Indeed, the narrower the section 
the more important it is that it should not 
contain a second accented note. Тһе next 
idea that presented itself was to include in 
each group only notes of the same name : 
C’s in one group, C sharps in another, and 
so on to the end of the scale. ‘This is very 
much more satisfactory. Even if two notes 
should happen to be sounded in one group, 
as would occur sometimes, so that both might 
catch the accent, as the two are consonant, 
the effect would be substantially that of 
accenting the single note. Indeed, with the 
old-fashioned player the accenting of a note 
can often be simulated by cutting its octave 
to sound with it. The author thought it de- 
sirable, however, to go further than this, and 
on this octave grouping he superimposed the 
division into bass and treble. Іп conse- 
quence of this double grouping it is possible 
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to obtain four different strengths of blow on 
the piano keys simultaneously. ‘This capa- 
bility, added to the power of control over 
expression already described, ought to satisfy 
the most exacting requirements. 

The arrangements for carrying out this 
method are clearly shown in the diagram 
Fig. 7. The key-operating magnets are from 
one end of the circuit divided into two 
groups, and from the other end into twelve. 
The source of electromotive force has four 
terminals, ordinary 0, 2, 10, and 14 volts. 
Switches are so arranged that the wires lead- 
ing tothe magnets on the one side may be 
connected either to o or the 2-volt terminal, 
and on the other to either the то or the 14. 
These changes are independent of each other. 
It is therefore possible to supply any 
magnet with 8, 10, 12, or 14 volts at will. 
The switches are operated by quick-acting 
electro-magnets, and these, in turn, are con- 
trolled either by special perforations in the 
music-roll, or at will by the operator through 
specially provided buttons. At the will of 
the operator, also, any one or more of the 
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means of expression may be left music-roll- ` 
controlled while he manually controls the 
rest. He may pick out that portion of the 
expression in which he feels he can best ex- 
press his individuality, leaving the rest tothe 
machine, or he may take into his hands the 
whole control and make the expression 
entirely his own. 

A word as to the future. It would seem that 
the idea is still prevalent that a piano player 
must be necessarilyinartistic. Logically, those 
who hold this idea should condemn the piano 
also, for piano playing is but mechanicalised 
harp playing. In all arts and crafts alike 
there is, and always wili be, a place for hand 
work. Pioneer work falls to the hand, and 
in the arts especially there is a peculiar grace 
arising from the flexibility of the instrument. 
But power, accuracy, and precision are the 
features of the machine. ‘The grace of the 
harp, and the fact that it allows of a more 
highly individualised playing, have in no wise 
prevented the more mechanical piano from. 
becoming a hundred times more common, 
and the favourite instrument of great artists. 
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And while, as in passing from the harp to 
the piano, so in passing from the simple 
piano to the piano and player, there may be 
in some respects a loss, it would seem 
that for this loss there is a more than 
equivalent compensation; in speaking of 
compensation the author has in mind not 
only that thousands are reached by the player 
who otherwise would be deprived of all good 
music, but also that to some extent there are 
direct artistic compensations While the 
piano mechanism restricted the performer in 
some directions as compared with that of the 
harp, in others it opened out to him a wider 
field. And the player in turn will again 
widen the field. The composer will no 
longer have to think of the limitations of ten 
fingers on two hands. Consider what this 
may meanintranscriptions of orchestral music, 
or, if we have the daring, let us even dream 


of what it may mean in original piano music. 
There is another reason why our ultra- 
artistic piano lovers should take a more 
generous attitude towards the player. Тһе 
growth of the piano trade, if it did not actu- 
ally hinder the making of harps, at least did 
nothing to advance that art. The piano- 


playing business, on the other hand, tends to . 


enormously increase the number of pianos in 
use, and each of these pianos should be 
recognised as the possible means of develop- 
ment of a future artist. And surely the 
struggling musician will be none the less 
likely to develop into an artist because he has 
at his disposal a machine which will make it 
possible for him to hear the great music of 
the world. Аз well might we say that it 
would be harmful to a young painter to be 
placed in possession of a set of photographs 
of the world's masterpieces in painting. 


THE WORLD'S ELECTRIC PROGRESS. 
I 


THE phase of electrical 
engineering which has to 
do with ships in the 
making and on the seas has assumed im- 
mense proportions. ‘The great part now 
played by electricity in this essentially 
national industry is more the result of a 
steady, persistent encroachment than is the 
case with other industries wherein the advent 
of electrical means has been sudden and 
complete as an assault by storm. The first 
dynamos ever built were used in lighthouses 
off the British and French coasts ; practice 
with the electric arc had become established 
in maritime circles before central stations on 
shore came into being. Yet, though applied 
electricity has been intimately connected 
with ships since the early eighties, nothing 
approaching finality has been reached; 
indeed, every month sees some noteworthy 
development in the electrical equipment of 
ships and dockyards. Whilst there has been 
a great deal of electrical work accomplished 
in this direction, there is an ever-widening 
field available for future development, and 
one which affords scope for every electrical 
manufacturer, whether he be engaged in 
making “accessories " or ten-thousand horse- 
power units. 

The April number of The ELECTRICAL 
MAGAZINE will be chiefly devoted to a series 
of special articles dealing with the most 
modern phases of Electricity as Applied to 
Ships and Shipbuilding. In every case the 
articles will be written by engineers who 
have had actual practical experience of their 
respective subjects, and who are familiar 
with the latest developments and tendencies. 
We need not dwell upon the large industrial 
field which such a series of articles must 
necessarily cover: a passing glance at the 
variety of work and process appertaining to 


Ships and 
Ship-building. 


all shipyards, and from the modern battleship, 
full as a watch of engineering handiwork, to 
the merest coaster or tramp, will reveal the 
scope of our forthcoming special number. 
No effort on our part will be spared towards 
making the April number of this journal 
unique in so far as the nature and real com- 
mercial value of its contents are concerned. 
Electrical manufacturers who have speciali- 
ties on their lists intended or suitable for 
dockyard and shipboard usage should send 
us particulars of the same as soon as possible. 
We shall be pleased also to hear from readers 
who are connected with, or interested in, 
any branch of the subject, and who may 
have suggestions or information to offer. 
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THE capacity of tne new 
mill of the Pennsylvania 
Lumber Company is 
about 175,00oft. per day. ‘The greater part 
of the timber handled is hemlock and is pre- 
pared from the logs either as sawn planks or 
finished boards. The mill is of concrete 
and is fitted entirely for the electric drive, in 
most cases arrangements having been made 
to couple the motors direct to individual 
machines. ‘The main generating plant 1s 
steam-driven, the boiler furnaces being 
arranged to consume the wood refuse of the 
mill Three-phase alternating current was 
selected as being the right power system to 
adopt, and the circuit is arranged for доо 
volts, 6o periods. 

The logs are conveyed up an incline from 
the pond by means of a travelling chain or 
“ jacker" which is driven by а 15b.h.p. 
motor fitted with self-contained back-gear, 
and running at 84or.p.m. The chain has a 
total length of 19oft. and is fitted with thirty- 
three steel dogs for gripping the logs. А$ 


A Large Wood- 
working Plant. 
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the logs reach the top of the incline they are 
rolled either to the right or to the left. The 
mil equipment is provided in duplicate ; 
that is, on each side of the chain discharge 
are band mills, gang edgers and trimmers 
arranged for receiving the logs. 

The logs are first sawn into lumber 
by 8ft. band mills, each of which is 
operated by а 150h.p. motor running at 
58or.p.m. From the band mills the sawn 
lumber is carried by live rolls and transfers 
to the one re-saw mill. Each set of seven- 
teen roin. by 24in. rolls is operated by а 


75b.h.p. back-geared motor running at 
I120r.p.m. 
The re-saw mill cuts the timber into 


thinner planks and boards, except in the 
case of the larger sizes, where the first cut by 
the band mills is sufficient. "The re-saw is 
driven by a ісоһ.р. motor, 58ог.р.т. On 
this re-saw mill are two 8ft. band wheels with 
r4in. face. The motor is connected by belt 
to the lower band-wheel shaft and gives to 
the saw a speed of about 975oft. per minute. 

From the re-saw the rin. and 2in. material 
is carried by conveyors to the two-gang 
edgers, where the broader boards are sawn 
into standard sizes such as 2in. by 4in., 2in. 
by біп., 21п. by roin, rin. by 4in, «с. 
Each of the edgers has eight 24in. saws and 
Is direct-coupled to a 15b.h.p. motor operat- 
ing at a speed of 17oor.pm. From these 
machines the boards are carried on rolls to a 
row of swinging end-trimming saws. The 
trimmers consist of a row of saws mounted 
on swinging arms driven by belts from a line 
shaft, from which they are hung. One trim- 
mer has eight saws and the other ten. Each 
set 1s operated by a 3ob.h.p. motor running 
at 840r.p.m. The motor also drives a chain 
for conveying the finished standard length 
and section boards away. The ten-saw 
trimmer is known as the 6ft. to 22ft. auto- 
matic trimmer, and will handle material up 
to біп. in thickness. The eight-saw trimmer 
is rated as a 6ft. to 24ft. automatic trimmer 
for use on material up to irin. thick. 

After being trimmed the boards are con- 
veyed on the chain through the sorting shed, 
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whence they are loaded into trucks bv 
manual labour. The chain travels at the 
rate of 32ft. per minute, being driven by a 
rsb.h.p. back-geared motor running at 
II20r.p.m. 

Provision is also made for the removal of 
the refuse material by means of conveyors 
from the different mills. АП sawdust is con- 
veyed directly to the boiler room and auto- 
matically fired. From the band mills and 
the edgers the slabs are carried to slasher 
saws, which are saws mounted on a common 
shaft and spaced 4ft. apart. From the 
slashers the 4ft. lengths are taken, together 
with other refuse from the mills with the 
exception of the sawdusi, by conveyors to a 
machine known as a “hog.” А certain por- 
tion of this material, however, before reach- 
ing the hog, is taken out of the conveyor by 
hand and loaded for shipment to paper manu- 
facturers. This pulp wood is used in the 
manufacture of paper and must havea length 
of 16in. and over. The balance of the 
refuse is cut into chips by the hog, from 
which it is dumped into trucks for shipment 
to neighbouring tanneries. 

The slasher is operated by а 3ob.h.p., 
84or.p.m. motor, which also drives six con- 
veyor chains, each rooft.inlength. The hog 
is driven by a 75b.h.p. motor, 6gor.p.m., 
direct-connected. It has a large rotating 
element weighing approximately 2000lb., 
which carries twenty-four knives on a dia- 
meter of бой. Owing to the weight of the 
moving element of the hog, the starting con- 
ditions are particularly severe, but the motor, 
which is of the slip-ring type, brings the 
machine up to speed quickly without undue 
overload. The main refuse conveyor for 
carrying refuse to the boiler room is driven 
by a rob.h.p. motor running at a speed of 
I120r.p.m. 
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Electrical Prospects As indicating the Oppor- 
in tunities afforded by the 

South America. — acterncountries of South 
America for electrical trade, the report pre- 
pared by Mr. C. M. Pepper for the United 
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States Government will prove of no little 
value to electrical manufacturers of this 
country also. It would appear that there 
is every prospect of a considerable amount 
of electrical plant of all descriptions being 
required in the near future, and, whilst the 
American manufacturer has the advantage 
of being comparatively alongside the field, 
it is Important to note that up to the present 
the result of German electrical trade enter- 
prise predominates. That being so should 
at all events encourage British manufacturers 
to enter the lists with every assurance. In 
the words of Mr. Pepper, “the installation 
of electrical machinery may be characterised 
as one of the future industries" of the 
western part of South America. The Andes 
provide innumerable ideal large-power water- 
falls; already there are hydro-electric plants 
in operation supplying the public lighting, 
traction, and small power users of several of 
the more important towns from Ecuador to 
Chile. The tramways of Quito and Guaya- 
quil are now being converted for electrical 
operation ; in the case of the latter it is pro- 
posed that the power shall be obtained from 
the Chimbo river, about fifty-five miles away. 

There has been quite a considerable 
amount of electrical work done in Peru; 
the tramways power and public supply of 
Lima are supplied from a hydro-electric 
plant situated about thirty miles away. The 
country of Peru probably offers the most 
scope for immediate electrical power develop- 
ments; most of the principal towns are 
provided with electricity supply, and every 
interest is taken in the subject of adopting 
electric power for private industrial concerns. 
There are schemes afoot, and being seriously 
considered, for the installation of heavy 
electrical generating plants to serve smelting 
works in the mountains. "Then again the 
Peruvian Central Railway have under con- 
sideration the subject of electric operation. 
Another railway, at present only projected, 
but still very likely to be put down, is that 
of the Bolivian Government; this line will 
connect La Paz with the navigable waters of 
the Beni River, and, having gradients of one 
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in six would almost certainly be electrified. 
It is in Bolivia that particular scope is offered 
for electric mining machinery ; one district, 
Corocoro, is served by an extra high-tension 
system of sixty-five miles length. It is 
estimated that in this case the use of elec- 
tricity in the mines means a saving of from 
14d. to 2d. per horse-power hour, according 
to the situation of the mine and the class of 
fuel available. 

There are numerous enquiries for electrical 
plant circulating in Chile. The Germans 
are well established near Santiago, on the 
Maipo River, with a large hydro-electric 
scheme. The principal business to be done 
here is the electrica! equipment of large 
industrial establishments ; there are also 
several tramway and railway developments 
pending. 

We can at this writing only give a brief 
outline of the electrical possibilities of those 
rapidly developing countries sharing a sea- 
board of upwards of 3000 miles, and existing 
on the immense natural resources of the 
western slopes and heights of the Andes 
Mountains. The important fact to the 
electrical engineer is that fuel is scarce and 
expensive—in some cases it is rendered 
doubly so by reason of the almost inac- 
cessible sites where mineral wealth has 
compelled the establishment of power requir- 
ing plants. Water-power is available, and 
distance and altitude alike present no 
obstacle to electric transmission. There is 
work, plenty of it and profitable, waiting 
for the electric power engineer. Who will 
make the best effort to secure it? 


Ар 

THE “ Watkin” switch is 
one of those small elec- 
trical accessories which 
may be said to supply “а long felt want,” 
in that it is a cheap and economical means 
of “turning the electric light down.” It is 
really a novel form of variable resistance 
units invented by Messrs. Watkin & Payne, 
and which has been recently placed upon 
the market by Messrs. Adams & Co. Its 


Small 
Regulating Switch. 
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INTERIOR OF “ WarKIN'' SWITCH. 


general sphere of usefulness is in connection 
with any kind of incandescent lamp, whether 
carbon or metal filament; but it is also 
meeting with much favour for regulating 
electric fans, heaters, cooking stoves, small 
motors, etc. One or more lamps with a 
maximum of 600 watts can be regulated so 
as to give seven degrees of illumination, 
reducing the current on each of the seven 
stops until on the lowest the actual saving 
of current on the circuit amounts to about 
8o per cent, and, of course, at the same 
time the life of the lamp is considerably 
prolonged. In outward appearance the 
switch consists of an ornamental case only 
45in. by 6}in. with a tumbler switch ; inside 
is fitted a series of resistances, made of a 
specially prepared composition resembling 
graphite, held in frames, and built up of 
short rods placed side by side and pressed 
together by screws. Each frame is differently 
** charged," 4.е., contains more or less of the 
resistance rods, and the frames or units are 
connected either in series, or in parallel, or 


both, according to what service is required 
of the switch. The handle of the switch is 
connected with a rocking lever, which carries 
at the inner end spring pistons, such as are 
used in lamp. holders, and a wheel travelling 
over contacts connected with the resistance 
frames. 

Unlike the usual dimmer, the ‘ Watkin ” 
switch can be used on alternating or direct 
current. . It can be used either in series 
with the ordinary switch or in place of it, 
and is very neat and compact, while the 
internal construction is excellent. As already 
mentioned, the switch has seven steps of 
regulation, z.e., when it is connected in series 
with a lamp, seven degrees of illumination 
may be obtained. On the last stop the 
illumination is reduced to a degree suitable 
for a night light. It is claimed that when 
this device is used, electric light becomes as 
easily regulated as gas. An apparatus of 
this kind must be particularly useful in 
hospitals, theatres, banks, etc. We under- 
stand that already it has been supplied to 
H.M. Government; also to the govern- 
ments of New Zealand and India. In the 
latter case Messrs. Adams & Co. have been 
advised that it is to be specified for all future 
Government contracts for lighting and for 
regulating the speed of electric fans. 
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A NEW form of Schure- 

Lift-controller. man lift controller which 
has been designed for use 

with alternating current where the control is 
by a rope passing through the lift, has been 
introduced by Wm. Geipel & Co. "The con- 
troller is made for two-phase and three- 
phase motors only and is adapted for use 
where the lift is operated through а hand- 
rope passing through the cage. The con- 
troller is provided with a reversing switch 
at the top which is operated by the hand- 
rope. It has three definite positions, “ир,” 
“ down,” and “off” respectively. Хо inter- 
mediate positions are possible, so that 
accidental burning of the contacts 15 
obviated. When the switch is closed, the 
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motor starts with all resistance in circuit. 
This resistance, which is star-connected, is 
cut out by short-circuiting switches operated 
through a cam shaft which is actuated by 
a solenoid. "This solenoid contains the only 
coil in the apparatus and it is heavily wound 
with a large margin of safety. The rate 
at which the resistance 1s cut out is regulated 
by the adjustment of a dash-pot. 

The arrangement is such that upon the 
failure of the supply or opening of the 
reversing switch by the movement of the 
rope all resistance is instantly inserted, 
whilst it is not possible to reverse the direc- 
tion of running without first inserting the 
resistance. 

The switches are of heavy construction 
with carbon contacts, whilst every part of 
the apparatus is readily renewable. The 
resistance material consists of German silver 
wound in coils, in which a large margin of 
capacity is provided. The sizes range from 
gh.p. to 25h.p. 
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AT the annual exhibition 
of automobiles in Paris, 
among the more im- 
portant electrical novelties exhibited were 
two improved types of machine for lighting 
cars or other vehicles, and according to 
“1 Industrie Electrique" they have both met 
with approbation. It will be observed that 
for this service, although the dynamo ts axle- 
driven, it must be arranged to maintain a 
uniform pressure independently of the car 
speed, and also that it should be a con- 
tinuous-current machine on account of the 
batteries which are necessary to maintain 
the lighting current when the car is at rest. 
In the system of Iglésis and Regner 
uniformity of pressure is obtained by auto- 
matically altering the position of the brushes 
relatively to the neutral axis. The special 
feature is that, instead of having a com- 
plicated movable brush carrier, the brushes 
are fixed, and the field casting as a whole 15 
free to rotate to a limited extent about the 
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axis of the machine. The amount of this 
field displacement depends on the mechanical 
reaction between the armature and the field. 
For starting up and for slow speeds there is 
provided a series winding in addition to the 
shunt winding ; the series winding is cut out 
by a centrifugal switching arrangement, which 
comes into operation at the speed at which 
the shunt winding becomes effective. Ав 
stated, the two main brushes are fixed, but 
one end of the shunt is attached to a third 
brush which is adjustable, so that the voltage 
at a given speed may be altered within 
certain limits. An important feature of the 
device is that the battery Мау be used to 
drive the dynamo as a motor in order to 
start the engine of the car. 

The second type is the “Phi” dynamo, 
by the Blériot Company. This machine 
has a normal output of toamp. at 12 volts. 
It is bipolar, but has four separate field 
coils which are shunted across the brushes 
through four interrupters or field circuit 
breakers which are normally closed. When 
the speed of the machine exceeds 1200r.p.m. 
a cam, hinged at the end of the shaft, is 
forced out by centrifugal action and strikes, 
one after another, the four interrupter levers 
which are fixed about the centre line of the 
shaft. The levers are held up to their 
contacts by springs. In this way one out 
of the four field coils is cut out once every 
revolution, and the excitation is diminished 
as the speed increases. ‘To prevent destruc- 


_ tive sparking a small condenser is connected 


across each interrupter break; these four 
condensers are built into the dynamo body, 
in the spaces between the two field poles, 
and are thus well protected. А similar 
centrifugal arrangement connects and dis- 
connects the battery at a predetermined 
speed. This consists of two contactors 
arranged in a similar manner to the weights 
in a centrifugal shaft-governor; when the 
critical speed is reached the contacts fly out 
and make connection between two rings, 
normally insulated from one another; these 
rings are connected to the battery and 
dynamo circuits respectively. 
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IN the various districts of 

"m London there are still 
| many small factories and 
workshops which retain their steam or gas 
engine units. It is surprising that this should 
be the case, for the majority of the electricity 
supply companies now supply energy for 
power purposes at very low rates. With 
current available at the prices now charged, it 
can easily be shown that the most economical 
and efficient method of driving machinery in 
the smaller industries is by electric motor. 
'There are many advantages to be gained in 
driving the workshop by electricity, the 
principal points being economy, efficiency, 
and cleanliness. A feature which should never 
be lost sight of by the small works proprietor 
in London and other large cities is the 
remarkably small space occupied by the 
electric motor as compared with any other 
type of power machine. Another factor of 
considerable weight in similar congested 
areas is that the electric motor is essentially 
à silentrunning machine, neither does it 
pollute the atmosphere or, in fact, in any way 
cause discomfort or nuisance to the neigh- 
bourhood. When considering the respective 
merits of gas versus electric power, one must 
remember also that the electric motor is 
“ever ready”: it can be stopped and started 
instantly as required, and the current economy 
secured by taking advantage of this property 


TYPICAL SMALL-POWER ELECTRIC PLANT IN LONDON WOODSHOP. 


‘Witton Мотокѕ ім Lonpon Woop SHOP. 


of the electrical plant is in itself а very 
considerable item in the small works’ 
costs. One does not need to dilate on 
the merits or demerits of the gas engine in 
this respect; only too often it is “never 
ready "—»what with valves to clean, ignition 
tubes to renew, oil-cups to fill, fly-wheels to 
pull round, &c., &c., all of which means that 
its owner only feels at all comfortable when 
the engine is finally under way, and not for 
worlds would he stop that engine during 
working hours, although it may be doing no 
actual work, for fear of the time, trouble, and 
general uncertainty of starting it away again. 

In comparing the power figures of a small 
plant such as a wood- 
working factory driven by 
gas engine and one using 
electric motors, a great 
saving in the electrical 
shop can be shown. ‘The 
power required to drive 
the complete shop ma- 
chinery is 5oh.p. If a gas 
engine be used, a long 
length of main shafting 
serves to distribute the 
power by several belts, and 
often also by intermediate 
shafts and further belting, 
to the several machines ; 
it may be taken that if the 
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machines required 5oh.p. for their operation, 
the gas engine would need to generate about 
75h.p. "The gas consumption of this engine 
would be about 18 cubic feet of gas per brake 
horse-power per hour, z.e., a total consump- 
поп on load of 1350 cubic feet ап hour. 
With gas at 2s. 6d. per 10oo cubic feet this 
gives a gas bill of £g 2s. per week of fifty- 
four working hours. ‘The electric driving 
of such a workshop would almost certainly 
be effected by two or more motors. An 
Ordinary machine equipment would include, 
say, two circular saws, three band-saws, six 
lathes, two planing machines, and a grind- 
stone. These machines may be grouped 
and driven by three electric motors as 
follows : 

Two r2lh.p. 
circular saw. 

One г5һ.р. motor driving the three band- 
saws and one planing machine. 

One toh.p. motor driving the six lathes, 
one planing machine, and the grindstone: 

The current consumed driving the 
machinery as above is as follows : 

Average current in units per hour = 20 
units. 

With current at one penny per unit, this 
gives a bill of £4 10s. per week of fifty-four 
working hours. 

It will be seen that the electric plant gives 
a clear saving of £4 12s., or roughly 50 per 
cent., over gas-engine driving, as well as the 
many main advantages already pointed out. 

The two illustrations shown are taken 
from actual photographs of motors installed 
by the General Electric Company, working 
in a similar shop to the one described above, 
and will give some idea of the compact and 
convenient arrangement of the machinery. 

It is a fact that in this particular case the 
proprietor is saving £40 per year on his 
power bill by driving with electric motors 
in place of the gas engine previously used. 


motors each driving a 


THE annual dinner of the 
General Electric Com- 
pany, of which the nine- 
teenth was held at the Trocadero on the 


The 
G.E.C. Dinner. 
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27th of last month, has come to be recog- 
nised as one of the most important gather- 
ings of the British electrical industry. It is 
always immensely popular. Some 600 were 
present at the festive board, and the General 
Electric engineers entertained their friends 
from all parts of the kingdom in the manner 
most appreciated, and so well that the event 
will be generally considered as the best of 
the long series of its forerunners. 

Mr. G. Byng, chairman of the General 
Electric Company, presided, and after the 
usual loyal toasts had been honoured, it fell 
to his lot to propose the toast of “ Electrical 
Science and Industry." Many were the 
interesting pictures which Mr. Byng called to 
mind of the early days of electrical practice. 
This country led the field in those days both 
in manufacture and in science —we exported 
electrical goods in large quantities to all 
civilised parts of the world, including 
America, France, and Germany. More than 
that, we sent electrical text-books abroad, 
and, іп short, we taught the world in 
matters electrical. Twenty years ago this 
country was supreme in electrical industry 
and invention : Mr. Byng recalled the world- 
famed names of the English inventors of 
those years, and asked a question, '* Are we 
still leading?" We cannot do better than 
quote an extract from the speaker's answer 
to this question. 

* | am afraid that cannot be answered in 
the affirmative. Our British electrical 
industries are still vast and important and 
virile, but, alas! there are too many signs, 
to my mind, that we have lost our lead, and 
that to-day we have to follow in matters 
electrical. The records of our Patent 
Office show that we are not holding to-day 
that relative position which we held in the 
days of Swan and Hopkinson and Thom- 
son. And whatis the reason? . . . Let us 
diagnose correctly and learn the cause of 
our loss. There must be some difference 
in the conditions under which we electrical 
engineers work to-day as compared with 
those under which we worked twenty years 
ago. On many vital points there is no 
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difference. We still have our scientists, 
our inventors, our employers, and our 
workmen the same as we had them twenty 
. yearsago. We have the demand, we have 

the money, we have our factories and our 
machinery ; our climate, our spirit, our 
enterprise and courage—all, I hope, are 
the same. I know of no war or other 
calamity or catastrophe which can account 
for it. Some say it is due to mistaken 
legislation, but, after all, this isto my mind 
a small matter. Some say it is due to 
education—technical education. I do not 
agree with those who contend that in 
matters of electrical education this country 
has anything to learn from other countries. 
3ritish lads, rich or poor, have just the 
same chance as American or German boys 
to learn electrical science and to become 
proficient and efficient. If there is no 
difference in all these vital points, then 
where is the difference ? 

“I have come to the conclusion that the 
difference lies in the methods by which 
foreign Governments support their in- 
dustries and those by which we here, in 
England, are supported by our Govern- 
ment. 

“I see the foreign manufacturer of 
electrical machinery flourishing under a 
Protectionist tariff, whilst our industry 
began to languish ever since we felt the 
influence of free imports. That is my 
conviction.” 

In concluding his vigorous speech, Mr. 
Byng challenged anyone present to prove 
that our present state of trade is due to any 
other cause than the fiscal position under 
which we work, and offered a prize of 
twenty guineas to the writer of an essay 
which should prove him to be wrong in his 
opinions. He went further and said that he 
had reason to believe that in two or three 
years’ time British electrical manufacture will 
be effected under conditions similar to those 
of our foreign competitors. When that 
good time comes then will order books be 
full and this country again occupy the fore- 
most world position in electrical industry. 


The following speaker was Mr. W. M. 
Mordey, who declined to believe that we 
were anything but successful as a nation in 
electrical matters. He quoted figures show- 
ing that our importations of electrical plant 
were comparatively small, and that the home 
use of electrical energy exceeded that of any 
Continental country per head of population. 

Dr. Glazebrook spoke of the close con- 
nection which in this country always existed 
between electrical science and the industry, 
which connection was largely instrumental 
in making for the great progress which 
characterised British electrical engineering. 

In proposing the toast of “Imperial Trade" 
Mr. Robert Hammond quoted figures as to 
the self-sustaining resources of the Empire. 
The Hon. C. H. Rason, Agent-General for 
Western Australia, responded, and directed 
attention to the fact that with a population 
of only four millions the trade of the 
Commonwealth aggregated about 125 
millionsa year. Не spoke strongly in favour 
of “Protection.” Mr. E. Grant Burls also 
responded to ‘Imperial Trade,” and in 
doing so averred that he never let an order 
go abroad if he could possibly help it. As 
a sign of progress in India he mentioned the 
case of the Calcutta Mint, which is said to be 
the largest and most complete in the world. 
The machinery throughout is driven by 
electrical power, the installation having 
been put down in its entirety by the General 
Electric Company. 

Prof. S. P. Thompson spoke in eulogistic 
terms of the General Electric Company and 
those who controlled its destinies, in reply 
to which Mr. H. Hirst, in returning thanks, 
referred in a few happy phrases to the work 
of his staff and the confidence with which 
the Company viewed the future. 


Ay 


AN interesting series of 
experiments were des- 
cribed by Mr. J. Liska, 
in the “ Elektrotechnische Zeitschrift," con- 
cerning the critical voltages at which sparking 
would commence between commutators and 


Commnutator . 
Sparking Voltage. 
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brushes. Irom these tests it would appear 
that there is a minimum value of voltage at 
which a spark begins to be formed, this 
value depending upon the materials com- 
posing the commutator and brush. This 
minimum voltage is shown to be inde- 
pendent of the maximum voltage actually 
occurring, of the current, of the current 
density, of the mean temperature of the 
commutator, and of the speed of rotation, 
but it is in general different for different 
directions of the current. For instance, 
when the current passes from a carbon brush 
to a copper commutator, the minimum 
critical sparking e.m.f. is 14.5 volts. Ifthe 
current passes in the other direction, the 
minimum critical sparking voltage Is 22.5. 
For other materials of brushes, the minimum 
voltages were found to be as given in the 
following table :— 


Beds Anode Cathode 
Volts. Volts. 
Le Carbone “22-ы Gas oe >» 14.5 22.5 
Morganite "I'"- quoe за “есте ее 14.5 16 
Copper-carbon, Endruweit system — .. 14-5 21 
Copper, Endruweit system — ... .. .. 14 14 
Copper-brass, Ringsdortf ... ... ... ... 15 12.5 


No sparking can occur at a commutator 
if the actual voltage does not exceed the 
minimum critical voltage. There is no 
great difference between the minimum critical 
voltages for metallic and carbon brushes, 
but this does not contradict the fact that 
metallic brushes are more liable.to heavy 
sparking. The explanation offered is that 
when the voltage gets higher than the 
minimum critical voltage, the strength of 
the spark which occurs is determined by the 
energy, and with metallic brushes the current 
is stronger on account of the smaller transi- 
tion resistance. 


Ay 


A PAPER read by Prof 
А. 5. Richey and Dr. 
Frederick Bonnet before 
the Worcester Poly- 
technic Institute, U.S.A., described a method 
of testing high-tension glass insulators which 
served to show defects in annealing that 
could not be detected by other methods. 


Mechanical Test 
for High-Tension 
Glass Insulators. 
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Experience had shown that of two types of 
insulators, made by two different manu- 
facturers so as to be practically identical in 
form and using glass of the same chemical 
composition, one gave excellent results in 
service, while the other was subject to 
excessive breakage. Tests by means of 
polarised light proved that the latter type 
was subjected to stresses caused by improper 
annealing, while in the former there was an 
almost entire absence of stresses. 

In carrying out the tests each insulator 
was so mounted that when it was rotated 
about its pin axis the same thickness of 
glass skirt was always presented between the 
polariser and the analyser, which previously 
had been arranged so as to allow no light to 
pass. Stresses in the insulator were 
indicated by the varying intensity of light 
and by colour changes. Тһе insulators 
showing stresses had been poorly annealed. 
Under service conditions they became 
heated on account of conductive leakage and 
were destroyed. 

Ар 


THE necessity of prime 
movers having as nearly 
a constant angular velo- 
city as possible, where the 
driving of alternators in 
parallel is the duty, is well known. With the 
standard makes of high-speed steam engines 
this point has been well taken care of, and 
it is rather the exception than the rule to 
find the percentage variation allowable 
definitely specified when high-speed steam 
sets are required. The use of large gas 
engines has however brought this factor of 
even rate of rotation into prominence, and it 
may be taken that not only are definite 
guarantees required of gas-engine builders, 
but that tests must be made to confirm these 
figures. These variations can only be 
ascertained by actual test, and the following 
description of an apparatus suitable for 
the purpose will doubtless prove of value 
to many electrical men who have the hand- 
ling of alternate-current power generator 
E 


Apparatus for 
Testing Variation 
in Angular 
Velocity. 
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Chronograph Drum 


Clock and 
Governor 


Fork and 
Carriage 
Fic. 1. 
business. The instrument, which was 


described by a correspondent of ‘ Power,” 
who stated that it had given excellent results, 
consists of a hollow drum made of an alloy 
of 75 per cent. aluminium and 25 per cent. 
zinc fastened to a spiderand suitably mounted 
on а bedplate of the same material. Тһе 
drum is connected to a clock and governor by 
gears, as is also the feed screw, on which is 
mounted a tuning fork vibrating 100 times 
per second. The ratio of the gears and the 
feed screw is such that the carriage moves 
about half an inch for each revolution of the 
drum. Near the end of the tuning fork is 
mounted a small magnet which keeps the 
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Plano Wire 
Pointer 
Pialon on 
Clock 
Fic. 2. 
fork in vibration. A general idea of the 


arrangement may be obtained from Figs. 1 
and 2. 

When any engine is to be tested six 
or eight small holes are drilled and 
tapped at equal distances on the edge of 
the rim of the flywheel; into these holes 
are screwed steel pins about 3in. long. 
The chronograph is connected as shown 
in Fig. 3. A piece of blueprint paper is 
placed on the drum and the pointer at the 
end of the fork draws a continuous record, 
Fig. 4. А brass nozzle is so placed that a 
jet of salt water issuing from it will strike 
each pin in turn, closing the condenser 


Pointer 


Fic. 3. 


The ELECTRICAL MAGAZINE. 


Condeuser Discharge 


, 
! 
I 
’ J 


4---------  —Time =.0u-Seconds— - 


Fic. 4. 


circuit, as shown in Fig. 3, and in discharging 
through the drum make a spot on the 
record. After the record has been taken 
it is a very easy matter to determine the 
variation in the velocity of the flywheel by 
comparing the space in time between the 
spots on the record. 


Ay 


А VALUABLE series of 
experiments have been 
made by Prof. Junkers of 
the Technische Hoch- 
schule, Aachen, as to the effect of cooling 
the charge mixture of large gas engines. The 
investigations proved that the capacity and 
the efficiency of the engines were improved 
very appreciably. ‘The engine used for the 
work was one of the Oechelhauser two-stroke 
type. With the engine running under nor- 
mal conditions and without cooling the 
charge, at its maximum capacity, the mean 
pressure in the working cylinder was 4.55 


The Advantages of 
Cooling the Gas- 
Engine Charge. 


atmospheres, and the power developed 
3951.һ.р. ‘The charge temperature was 
9o.5deg. C. By cooling the charge by 


6odeg. C., г.е., from 9go.5deg. C. to 30.5deg. 
C., the mean cylinder pressure became 5.29 
atmospheres and the indicated h.p. rose to 
460. This shows a theoretical increase of 
capacity, with cooling, of 0.198 of the amount 
attained without cooling. The practical 
increase was o.165 of the ordinary result. 
In other words, by cooling the charge the 
capacity of the engine was increased by 17 
per cent. beyond what was attainable without 
cooling. 

The charging pump of the engine absorbed 
551.h.p. in the first and 51i. h.p. in the second 
instance. But this diflerence is probably 
due to the fact that the charging pump was 
too large for ordinary operation and its 
intake had to be throttled, while, owing to 
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the larger free volume taken when cooling the 
charge, the throttle was opened and its re- 
sistance diminished. "The cooler carried away 
approximately 38,500 heat units per hour 
from the charge. A comparison of heat 
absorption by cooling water with and 
without mixture cooling, respectively, gives 
the following results, it being assumed that 
700 heat units per Һ.р.һош were being 
carried away by the cooling water: Output 
without intercooling = 395i.h.p ; loss to 
cooling water of cylinder = 700 x 395 = 
276,500 heat units per hour. Output with 
intercooling = 4601.h.p., and it was ascer- 
tained that the heat loss to the cooling water 
for the cylinder was not larger than before, 
276,500 heat units per hour. In addition, 
there were wasted 38,500 heat units for 
cooling, making a total of 315,000 heat 
units per hour. An engine not equipped 
with the cooling device would lose, for the 
same output of 46oh.p., 460 x 700 = 322,000 
heat units per hour. It follows that the 
cooling of the charge has also a favourable 
effect on the total heat carried away per unit 
of power developed. 

As a further advantage of the cold charge 
system it may be mentioned that the number 
of misfires is reduced, whereby the average 
mechanical efficiency of the engine is in- 
creased. — Also, part of the water vapour of 
the charge is separated out by the cooler, by 
condensation, which must have a favourable 
effect on the internal combustion. 

It is pointed out that even these effects 
do not represent the total advantage which 
would be gained by an extension of the 
principle to the cooling of the charge in 
compression, or rather by permitting of 
higher degrees of compression. Ву thus 
increasing the compression pressures, a far 
greater increase in capacity could be 
obtained ; thus a cooling of the charge by 
30deg. C. will allow of an increase in com- 
pression of from 13 to 21 atmospheres, 
without increasing the cylinder temperatures 
above normal. ‘Tests with a Korting engine 
working with producer gas and driving an 
electric generator under these conditions, 
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showed an increase of 12 per cent. in the 
electrical output. It was also noticed that 
pre-ignition or back-firing, which had been a 
fault of this particular set, disappeared 
entirely whilst the engine was running with 
the cooled charge. 


Ар 


THE United States Steel 
Corporation has, after a 
thorough investigation, 
decided to install Heroult 
electric furnaces at two of its plants. A 
15-ton Héroult furnace is now being con- 
structed for the South Chicago works of the 
Illinois Steel Company, and one of the 
same size for the Worcester plant of the 
American Steel and Wire Company. <A 
third installation will probably be made later 
at the Homestead plant. The capacity of 
each of these furnaces is about 300 tons per 
twenty-four hours. At the Chicago plant 
the process will be applied to the manu- 
facture of a special steel rail of high-grade 
quality, and at the Worcester plant the 
product will be used for a special grade of 
wire. In the former the electric furnace will 
take molten steel from Bessemer converters 
and in the latter from open-hearth furnaces. 
The electric process is therefore simply a 
refining process in which the phosphorus 
and sulphur are reduced to amounts other- 
wise attainable only in crucible steel practice. 
At the same time the steel is thoroughly 
deoxidized and freed from all particles ot 
slag. The largest Héroult steel furnaces 
formally installed have a capacity of five tons. 
While the 15-ton furnaces of the U.S. Steel 
Corporation thus represent a trebling of 
capacity, the company contemplates the 
installation of even larger furnaces in future. 


Av 


lo those who are in- 
terested in the progress 
of the many experiments 
now being made towards the perfecting of 
electric iron smelting furnaces, the report 
of Dr. Eugene Haanel, Director of Mines for 


Large Héroult 
Electric Steel 
Furnaces. 


Electric 
Smelting Furnaces. 
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Canada, concerning his recent inspection 
of the smelting furnace in Dumnarfvet, 
Sweden, will carry much weight. In his 
preliminary report on the experiments at 
Sault Ste. Marie, in 1905, Dr. Haanel stated 
that the furnace there tried needed certain 
modifications to render it a commercial 
possibility. This report awakened lively 
interest in Sweden, where the conditions are 
similar to those of central Canada. A 
company was organised, able young en- 
gineers were put in charge, work was carried 
on for a year and a half at a cost of some 
£22,000, and the furnaces were built, each 
showing correction of faults observed in 
preceding ones. Upon attaining what it 
considered a commercial furnace, the com- 
pany invited Dr. Haanel to inspect and 
pronounce upon it. As a result, he is con- 
fident that the new method is a commercial 


success. The furnace is very similar to 
a blast furnace, in which the tuyeres, 
for introducing the blast, are replaced 


by electrodes. A three-phase current is 
employed, and about 7ooh p. is delivered 
to the furnace. Dr. Haanel assured himself 
that the furnace in every way met his ex- 
pectations as a solution of the problem of 
constructing an electric furnace on a com- 
mercial scale. ‘The furnace worked very 
quietly, and the charge passed down the 
shaft gradually and uniformly, the electrodes 
requiring no regulation, not having been 
moved for five days. Should the new furnace 
prove to be all that is expected of it, there 
is at once a new and profitable industry 
opened up for Canada in particular. In the 
Dominion there are enormous fields of iron 
ore, the utilisation of which has been impeded 
by the unfortunate natural scarcity of furnace 
fuel. **White coal," that is, water power, is 
present in abundance and the method which 
permits of the use of power from hydro- 
electric plants as the direct smelting agent 
will have far-reaching effects and undoubtedly 
establish a vast Canadian iron industry. 

In addition to this work at the Dumnarfvet 
works, there has been invented a steel 
furnace which also promises great results. 
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In this furnace a three-phase current and 
two electrodes are used, the bottom of the 
furnace furnishing the third electrode. The 
special advantage of this construction is that 
the three-phase current produces a rotation 
of the bath in a vertical plane, thus bringing 
new material continually into the slag line 
for purification. | 
Ар 


The following suggestions 
as to the general arrange- 
ment and fitting of battery 
rooms were included in an interesting article 
in a recent number of * ['Electricien " : 
Batteries should be installed in a room in the 
vicinity of the engine room, but the battery 
room should serve for no other purpose ; 
it should be easily accessible, well lighted, 
dry, easy to air, and not exposed to great 
variations of temperature. Dust, vapours, 
dangerous gases and violent jars in the room 
should be prevented. There should be no 
iron pipes or columns in the room, if 
these can possibly be avoided, and if they 
are necessary, then they should be well 
covered with an enamel lacquer which is not 
attacked by acids. For lighting the room, 
only incandescent lamps should be used. 
In order to maintain the batteries in good 
working order, only those rooms in which 
the temperature is liable to fall extremely low 
should be heated, but never by an open fire. 
Stationary batteries, оп, account of their 
heavy weight, should be placed on solid 
beams. In cellars the ground should be 
well stamped, and covered with a layer of 
brick or cement. If the ground is sandy a 
layer of concrete about three inches thick 
should be put under the brick, and a mixture 
of hot coal tar and asphalt should be poured 
into the spaces between the bricks after they 
have been filled up with fine sand to about 
half-an-inch from the surface. 

If the battery is to be installed above the 
cellar, a solid floor should be built in 
keeping with the weight of the battery and 
capable of preventing any spilt acid from 
penetrating into the rooms below. The 
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floor should be perfectly level and well 
protected against the destructive action of 
the acid. ‘lhe walls, ceiling, electric con- 
ductors and iron parts should be covered 
with an enamel lacquer that is not attacked 
by acid and does not contain alcohol. 
Cement-covered walls must be perfectly dry 
before being painted, as otherwise the paint 
will peel off. If the accumulator room is 
directly under the roof of a building, a false 
ceiling should be erected to prevent any 
water condensing under the roof from falling 
into the batteries. Rooms should always be 
painted with acid-resisting enamel or lacquer 
before the installation of the batteries, or at 
any rate before filling and charging the cells, 
as these operations make the walls damp. 
Facilities should be provided for full 
and ample ventilation, which is especially 
necessary when the charging of the batteries 
approaches completion. 


Ap 


IN a paper read by Mr. E. 
A. Lof before the Iowa 
Brick and Tile Association, 
the advantages of electric power for operating 
brick and tile plants were presented, and 
the following figures given as to the power 
requirements of the various machines in a 


Electric Motors 
for Brick Works* 


brick plant with a yearly capacity of 
25,000,000 bricks: 
Brick machine............... 75h.p. 
Pue ыгыз ы tuos: Soh.p. 
Dry pans, each............ 35h. p. 
Represses and cutters...... 35һ.р 
Eleyatots oo ipod Ure 20h.p 
CONVEY OFS inc visa aa Sh.p 
Exhaust fan............ 54-06 Soh.p. 
Disc Габен roh.p. 


The aggregate for such a plant is thus 
about 250h.p. The fans would run twenty- 
four hours, the rest of the machines about 
ten hours per day. The average load on the 
motors throughout the day would be about 
80 per cent Another service in brick 
making which could well be adapted for the 
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electric motor is the driving of haulage for 
conveying the clay from the pit to the 
machines. ‘The author quotes an instance 
where the use of an electric plant of this 
character introduced a labour saving of ten 
men. Central station. engineers having 
brickyards in their districts would find this 
class of prospective business worth looking 


into. 
Ap 


è A GERMAN correspondent 
A Tax for sends us some interesting 
Electricity. 


details of the novel efforts 
which are being made by the Government 
of that country to increase its revenue. 
The German Empire is noted for the large 
number of taxes, and nearly every year new 
ones are introduced. While some are just, 
inasmuch as they tax luxuries, some of those 
which are proposed this year do not show 
that the people who will be required to pay 
are to be treated with justice. А соп- 
sideration of the proposed tax for electricity 
will show how much, if it becomes law, it 
will affect the German electrical industry 
and perhaps the foreign market imports as 
well as exports. 

The rules concerning the tax for gas and 
electric current as a source of light, heat, 
and power, contain no less than thirty-one 
paragraphs. Only those products to be 
used in the home country are to be taxed. 
Five per cent. of the selling price must be 
paid for electric power, but not exceeding 
Әрін. per kw.-hour; only the plant which 
cannot produce more than 1}kw. is to be 
free from this tax. In addition, ropfg. must 
be paid for each bulb lamp up to 10 watts 
capacity ; 2opfg. for 50-watt lamps; 3opfg. 
for 100-watt lamps; and sopfg. for lamps 
exceeding 100 watts. One mark is the 
duty for each kilogram of arc lamp car- 
bons; and similar taxes are proposed for 
mercury and other lamps up to 100 watts. 
The amount of the tax must be indicated on 
the package by affixing a label, and this has 
to be done in the factory before the products 
are sent out. These packages from inland 


as well as abroad must be securely sealed 
and the contents must be stated, including 
the nuniber of pieces, quality, capacity, &c., 
so that the authorities can easily see the 
value. Any fraud in this respect will be 
heavily punished, the highest penalty being 
two years imprisonment. 

It is clear that neither the manufacturers 
nor consumers will welcome such a tax, and 
from the interesting discussions in the daily 
Press it is being bitterly fought. It is true 
that electricity is not yet at its height, 
and many inventions and improvements are 
still to be expected. A tax of this descrip- 
tion would undoubtedly prevent progress, and, 
our correspondent remarks, the foreign elec- 
trical industry will have no difficulty in over- 
taking Germany, which has now secured so 
many advantages. We know that scientific 
research is pursued in that country perhaps 
more than anywhere else, and electricityis one 
of the chief media used in such researches. 
But it is not in laboratories where the 
shoe will really pinch, it is in the small work- 
shop and factory where electric power and 
light are extensively being used. Especially 
in agricultural districts there is a great future 
for the electric motor to replace the heavy 
and cumbersomesteam tractor now frequently 
used for ploughing, grass cutting, pumping, 
harvesting, thrashing, and driving various 
kinds of machinery on the farm. For such 
farms having an area over thirteen acres it 
will pay to provide a private electric plant. 

A similar retarding influence will take 
placein the electro-chemical industry, wherein 
Germany holds a leading position ; for in- 
stance, in manufacturing aluminium, calcium 
carbide, nitrogen of lime, and many other 
products. ‘The application of electric power 
for railways is seriously considered in the 
German Empire, and it was intended to 
electrify the Berlin metropolitan railway in 
the next two years to increase its capacity 
and speed. All such projects will be much 
delayed or not carried out at all if the tax ts 
introduced. Enormous powers are available 
in Germany’s waterfalls, especially in Bavaria 
and the South, where one and one half 
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million horse-power could be utilized and 
turned into electricity, especially as these 
districts have very few coalficlds. More 
than four-fifths of this water-power is not yet 
exploited, and if the tax becomes law this 
state of affairs is likely to continue for an 
indefinite period. In short it would seem 
that such a tax will considerably hinder 
progress in various industries, and hamper 
the large manufacturer as well as the small 
one, the producer and the consumer. 
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OUR correspondent sup- 


Public Electric plements his remarks 
Supply in : 3 
Germany. anent electric taxation 


with some particulars of 
the present condition of the electrical field 
in Germany. ' 

There are 1055 electric plants in com- 
munities of over 5000 inhabitants. These 
represent naturally a very considerable 
capital; Cologne has spent 12.4 million 
marks; Hanover, 7.8; Frankfort, 15.8; and 
Charlottenburg, 10 millions. These electric 
supply systems sold in the past year from 
t1 to 24 million kilowatt hours respectively. 
Current was supplied for 106,000 glow-lamps 
in Breslau, for 218,000 in Charlottenburg, 
112,000 in Dusseldorf, 367,000 in Frankfort 
The total power of the electric motors 
connected in those cities to the public 
supply was 8126h.p., 7492h.p., 5605h.p., 
and 759oh.p. respectively. 

There is no city in Germany of over 
50,000 inhabitants not owning an electric 
plant, and 75 per cent. of these are municipal 
property. In many smaller places the com- 
munity purchases current from private indus- 
trial plants, factories, &c., for city lighting 
and public buildings. The percentage of 
municipal plants 1s rising every year, but 
still a large number of plants are in private 
hands; besides the famous Berlin Electri- 
citats Werke there are seven large concerns 
owning public electric central stations. The 
city of Berlin receives 10 per cent. of 
the company’s receipts from furnishing light 
and power, besides half of the net profit, 
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which exceeds 5 per cent. Berlin took 
last year over three million marks in 
current from private plants; Hamburg 
one million. Other cities own plants but 
lease them to private concerns. The pro- 
duction costs of the electric station are 
higher than for gas, and, as the electric 
stations have to base their prices upon those 
of the gas supply, many of them are not 
profitable ; in many cities there are deficits, 
if the depreciation, interest, repairs, &c., 
items are taken into account. 

The price of current is very variable and 
depends generally on the total consumption. 
According to a private estimate of 160 
municipal and private plants, the price 
per kw.hour with 12 per cent. of the 
works was over 6opfg., with 32 per cent. 
below 6opfg.; for motor current, with 20 
per cent. of the works, over 2opfg. In the 
case of twenty-two plants the charges for 
motor current averaged less than 18pfg. 
There were eleven stations where the direct 
cost of production was 24pfy., so they 
operated with a considerable deficit. "The 
opinion prevails, therefore, that with such 
low prices the costs of generating the current 
are not covered, while on the other band it 
must be admitted that the current is fur- 
nished in the day-time, when the plants are 
more or less idle. Besides cheap prices the 
great decentralisation of the electric supply 
is largely responsible for these unsatisfactory 
results. 
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Sır Мм. Н. PREECE, 
K.C.B., F.R.S., is to 
preside at the forth- 
coming festival dinner, 
which will be held at the Whitehall Rooms, 
Hotel Metropole, on March 3oth, in aid of 
the above. ‘This is the first function of its 
kind held in connection with this Institution, 
and a great deal of work has been done by 
the Special Committee appointed for its 
organization ; there are indications that the 
effort has awakened widespread interest, and 
it is anticipated that a considerable sum of 
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Benevolent 
Institution. 
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money will be forthcoming as a result for 
presentation to the funds. 

As the benefits of the Institution are 
available for an exceedingly large class, it is 
desirable that the funds should be increased 
so far as possible, and we are very pleased 
to take this opportunity of directing the 
reader's attention to a matter which is of 
interest to all who are directly connected 
with the electrical industry, or who indirectly 
benefit from progress in electrical work, 
either as suppliers of raw materials for 
the construction of electrical goods, or as 
users of electric light and power, telegraph, 
telephone or signalling apparatus. Тһе 
offices of the Institution are at Ridler Place, 
Holland Street, Blackfriars, S.E., and Mr. 
Walter Davenport is the Secretary. 
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With the sixth volume, 
just issued, the very 
complete work entitled 
“ Practical Coal-Mining " is completed. We 
have from time to time given reviews of the 
various sections of this book as they appeared. 
In this last volume the subjects dealt with 
include mine surveying, with the instruments 
used for this work and the methods of 
applying them for surface and underground 
surveying. Another section treated in this 
volume is that which deals with the prepara- 
tion of coal for the market : in three chapters 
the subject is divided into the circulation of 
mine wagons at the surface, the weighing of 
coal, and generally the method of dealing 
quickly with the product on the surface. 
This 1s followed by descriptions of screening 
and picking plants andcoal-washing machines. 
A valuable section of the book is that which 
treats of the coking of coal and the 
recovery of bye-products, a phase of colliery 
work in wh'ch electrical men are perforce 
interested to-day because of the frequency 
with which it is brought into evidence when 
any large colliery electric plant is projected. 

The concluding chapters will be found of 


Practical 
Coal-Mining. 
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exceptional interest in that they deal with 
the economies of coal getting and marketing. 
In this stage of the book, wages and labour 
questions are entered into; conciliation 
boards, trade combines, negotiation of con- 
tracts and general market organisation are all 
given due and full attention. 

The series 1s published by the Gresham 
Publishing Company, of 34, Southampton 
Street, Strand, London, and is written by 
many of the leading lights of the mining and 
engineering professions under the editorship 
of W. S. Boulton. For the benefit of those 
students to whom the item of text-books is a 
main consideration it is as well to point out 
that the volumes can be obtained on the 
instalment system. 
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READERS should note that 
the illustrations Figs. 3 
and 4 which appeared 
with the article entitled *' Progress in Photo- 
Telegraphy" in last month's ELECTRICAL 
MAGAZINE, were inadvertently transposed. 
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Correction. 


NOTE. 


Manufacturers are invited fo send us par- 
ticulars of any new machine or apparatus 
which they may be introducing, or notes of any 
important contracts recently carried out. We 
are always pleased to publish notices of this 
character which are of veal interest and value 
to our readers. Where possible, illustrations 
should accompany such matter. 


Particular attention ts directed to the next 
issue of The ELECTRICAL MAGA- 
LINE, Which will be a Special Double 
Number dealing with the Applications of 
Electricity in Ships and Shipbuilding. 

Manufacturers who are interested in 
this class of work should send us particulars 
of their work in connection with same at 
the earliest possible moment, 


The 


Electrical 


Vor. XI. No. 4. 


THE ELECTRIC PROPULSION 


Magazine. 


APRIL 15th, 1909. 


OF SHIPS. 
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EW subjects which are engaging the 
z attention. of the engineering world 


to-day are comparable, either in 
scientific interest or in practical importance 
— Le, commercially—with the generation 
and transmission of power for main marine 
propulsion and speed regulation. It is 
believed that a reference to this all-important 
development of electric-marine engineering 
will be of more than passing interest to a 
wide circle of readers, many of whom have 
not hitherto paid attention to the rapid 
advances recently made in the application 
of the electric motor to the purpose of 
navigation. The industry of equipping and 
operating electrically-driven ships is still 
new, and only few boats have so far been 
fitted with electrical power for main pro- 
pulsion, but in recent years a great deal 
of instructive experimental work has been 
done, and in many instances marked practical 
success has been attained. 

No attempt will be made here to give 
details of every electrically-driven craft built 
up to date, but a certain number of possibly 
interesting applications of the electric motor 
will be pointed out, illustrative of the art, 
and of its possible evolution in larger units 
than have up to the present been attempted. 
The success of electrical locomotion on land 
is now well established and millions of 
electrical horse-power аге today being 
utilised in many and varying industries, and 
in such large plant units that they approxi- 


mate in size to those which are to be found 
applied to the purpose of ship propulsion 
with direct-coupled steam engines апа 
steam turbines with more or less commercial 
success. 

Whilst, however, these applications have 
made progress in many ways, marine elec- 
trical propulsion has been receiving serious 
attention, and for some few years has been 
more or less quietly asserting itself as an art 
and an industry. The time has consequently 
arrived when the subject of electrically- 
propelled ships may be discussed with 
pleasure and interest, especially as the steam 
turbine in various forms, and the suction gas 
engine and petroleum engine of enormous 
powers have been developed to the point 
of proved commercial success as high-speed 
light-weight prime-movers. 

The propulsion of ships was one of those 
greater power applications of electricity 
which were necessarily delayed pending the 
perfection of means of generating large 
quantities of electrical power cheaply, and 
the great advance in the design, construction, 
and operation of the above prime- movers 
has made the cheap production of current 
possible in machines of very large output 
capacity, and making the successful applica- 
tion of electricity into this large, untapped, 
and important field, appear within sight ; 
matters have so far progressed towards the 
use of electricity as the main power agent on 
shipboard, that it is safe to say the near 
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THER First LARGE STEAM VESSEL WITH 
SCREW PROPELLER (1544), 
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future will almost certainly see some very 
big advances in marine electrical engineering, 
to the benefit of the British electrical and 
shipping trades generally, both of which are 
ever more and more severely suffering from 
advanced foreign competition. The author 
believes that the following particulars will 
possibly indicate in at least one direction 
how, with a little modern encouragement, 
the vast potentialities of electricity may be 
secured for the benefit of British capital and 
labour, besides cheapening the cost of 
general transportation by sea of passengers 
and freight; and, by reviewing the whole 
position as it now stands with its practical 
prospects, indicate that there is good reason 
for confidence in the immediate future. 
For the first time in the history of elec- 
trical engineering—nearly seventy-one years 
ago, 1838-——Prof. Jacobi, a distinguished 
physicist and electrician, residing in St. 
Petersburg, made a demonstration on the 
Neva of what could be accomplished with 
the electric motor as a means of propulsion 
for boats, aud towards the expenses of the 
experiment the Emperor Nicholas con- 
tributed about £2500. Prof. Jacobi em- 
ployed a type of motor which had already 
attracted considerable attention, having been 
before the Académie des Sciences of Paris in 
1834. The attempt was the first on record 
and is a proof of the originality and versa- 
tality in electrical investigation that made 
Prof. Jacobi one of the discoverers of the 
great modern art of electrical engineering. 
Just what led the Emperor of Russia to 
take an interest in the application of elec- 
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tricity to marine propulsion and spend this 
money on it is not known, but it is generally 
supposed that these tests, like others under- 
taken in Europe about that time, were due 
very largely to the exhibitions made in 
London by Thomas Davenport, the Vermont 
blacksmith, of his electric motors, «c. 
The Jacobi boat on the Neva derived its 
current from primary batteries, and the 
motor propelled it at a speed which never 
exceeded about three miles per hour; the 
motor was geared to paddle wheels, the boat 
being 28ft. long, 7ft. wide, and 2ft. 8in. in 
draught, and she carried as many as fourteen 
passengers. They were able to navigate for 
several hours on the river Neva, but the 
power developed, through proceeding froma 
battery of no less than 128 large Grove cells, 
never exceeded #b.h.p., and such a small 
effect from such a large source of energy 
completely discouraged the inventor, who 
always afterwards considered this application 
of electricity as impracticable for industrial 
purposes. 

Since that time and the later work in 
England of Robert Hunt and of G. E. Dering 
in 1856, and of Count de Moulins in France in 
1866, there have been many other attempts 
to apply batteries to the propulsion of ships, 
but the experiments have nowhere resulted 
in lasting * commercial" success. The 
prospects of seeing a large ship laboriously 
hauling an acre or two of batteries through 
the surf was almost too much to expect, and 
although many other interesting attempts 
were made from time to time, it remained 
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STEAM TURBINES ON FAN PROPELLERS. 


for the introduction of high-speed and 
efficient prime-movers, such as steam turbines 
and internal combustion engines, together 
with the very great advance in the art of 
dynamo electric machinery construction, 
before the application of the electric motor 
could be reasonably put forward as a means 
of propeller shaft driving for main marine 
work. 

The next notable step in this interesting 
sequence of pioneer work took place in 1903, 
also at St. Petersburg, when a vessel was 
constructed and put into service by “Société 
Nobel Fréres.” In this the craft was a tank 
vessel of 1150 tons displacement, intended 
to carry oil on the Volga and in the Caspian 
Sea. The propulsive plant of this vessel 
consisted of three Diesel engines driving 
continuous-current dynamos which supplied 
current to three electric motors ; each of the 
motors served to drive one of the three 
propellers fitted, the whole control being 
carried out from the bridge. The regulation 
was effected by means of varying the exciting 
current of both the generators and the 
motors, by which means also the reversing 
of the propellers was effected. The vessel 
speed was, however, only very low: light, 8 
knots ; loaded, 7.4 knots ; the total power of 
the engines was 360b.h.p. Тһе generating 
plant was situated about amid-ships, while the 
motors were placed right aft in a separate 
motor room. The control being arranged 
from the bridge, the engine-room staff did 
not know in what direction the propellers 
were running, whilst, on the other hand, the 
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staff of the motor room, knowing it, were 
unable to bring about any change. The 
complete control of the drive was carried 
out solely by the captain on the bridge, and 
he steered and manceuvred the ship without 
having any contact with the engine-room 
staff. The consequence of this was that no 
such thing as mistakes in receiving orders 
could possibly take place, such has have 
been known to occur on ships where the 
ordinary signals have to be given to the 
engine room before any alteration in speed 
or direction of the propellers can be made. 
The importance of this fact is self-evident, 
and it will perhaps not be forgotten how the 
large German liner at Dover some time ago 
was driven by mistaken orders on to the 
strong granite pier and sustained severe 
damage in consequence. 

As above stated, the advent of the steam 
turbine has brought about conditions that 
make the “commercially successful" appli- 
cation of the electric motor and apparatus 
possible in very large units, and some very 
interesting suggestions have of recent years 
been devised. Amongst those which de- 
serve mention may be mentioned the system 
brought out by an American electrical en- 
gineer, in which it is proposed to use a high- 
speed steam turbine. The principle of this 
arrangement is shown in Fig. 6. 

It will be observed that the steam turbine 
drives а single-phase  alternating-current 
armature which runs in a separately excited 
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field, which field is mounted on the pro- 
peller shaft and revolves with the propeller. 
The current that is generated in the arma- 
ture is taken toa transformer primary and, 
by means of tappings, the single-phase series- 
wound motor, the armature of which is also 
mounted on the propeller shaft, is allowed 
to assist in turning the propeller, assisting 
the torque that is produced at the air-gap of the 
alternator. Reversing is carried out by 
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means of the two-way 
switch shown. As to 
the merits of this 
system, it is question- 
able whether the weight 
of the single- phase 
plant, and the fact that 
the gear ratio is only 
two to one as regards 
speed reduction, are 
not prohibitive ; and it 
is also to be noted that 
in all probability the 
system does not pro- 
vide the best applica- 
tion that could be put 
forward in the interests 
of electrical engineer- 
ing for this purpose. 
A further disadvantage 
is that in this case the turbine must be 
in line with the propeller shaft, and should 
any turbine be under repair, the correspond- 
ing propeller is perforce also out of work. 
Another point is that in large powers the 
weight of the revolving field of the alternator 
is considerable. 

A somewhat similar application is to be 
found in Fig. 7 ; this is also the suggestion of 
an American engineer, but in this case it is 
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proposed to use polyphase alternating- 
current apparatus. It will be noticed that 
the steam turbine drives a short-circuited 
rotor in a revolving three-phase armature, 
the armature being excited by three-phase 
current from the smaller turbine alternator 
shown at the foot of the diagram. Various 
speeds may be attained for the propeller 
shaft by means of the change of connections 
between the two turbine sets and the induc- 
tion motor that is also mounted on the pro- 
peller shaft; the maximum speed, however, 
at full power is only half that of the steam 
turbine, and apart from the very large 
revolving weight of the armature, it is 
questionable if the rise in speed of the 
turbine is sufficient to warrant the extra 
outlay and the installation of electrical trans- 
mission, owing to the comparatively small 
amount of steam that would be saved by 
only raising the turbine speed to double 
that of the propeller when under full load 
and vessel speed. 

Another application of electrical power 
transmission for marine propulsion was 
brought out a few years ago by two British 
engineers, and in this case the steam turbine 


formed the prime mover. A high-speed steam 
turbine was here arranged for driving acontin- 
uous-current dynamo which in turn drove a 
series-wound motor. The motor operated at 
slow speed, the idea being that an economy in 
steam would be made because of the high 
speed of the turbine and that a further 
economy would be made by means of running 
the propeller at a low, and therefore the most 
efficient, speed for the power that was 
delivered to the propeller shaft. Fig. 8 
shows the arrangement. It will be noticed 
that six propellers might be used, and that 
the turbo-generators were to be driven by 
three sets of plant, the whole connected in 
series in order that as the propellers rose 
out of the water in rough weather, the work 
and therefore the current would be less, thus 
weakening the fields of the generators and in 
consequence automatically reducing the 
voltage, the generators being driven at a 
constant speed by the governed turbines. 
The port or starboard side motors could be 
reversed from the bridge by means of the 
two-way switches, and the motor, and there- 
fore the vessel's, speed could be varied by 
means of regulation provided by connecting 
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the fields with tappings as shown in the 
diagram. In the event of a low vessel speed 
being required one or two of the turbo- 
generators could be closed down and the 
whole of the work done by means of the 
remaining turbine set. It will be noticed 
that the circuit is never broken when regu- 
lating, and that solenoids are provided in 
order that as the current dropped, the steam 
would be cut off the turbines automatically. 
On going further into the question of marine 
propulsion, it was found that many difficulties 
in very large units would have to be sur- 
mounted before this method was possible 
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for application to 
large ship propulsion, 
although it would be 
very suitable for small 
work. 

The importance of 
providing a method 
whereby a slow vessel 
speed might be ob- 
tained for turbine- 
driven ships has attrac- 
ted the attention of 
many people, and the 
methodsthat havefrom 
time to time been put 
forward are interesting. 
Amongst these might 
be mentionedascheme 
that was suggested 
some years ago bya 
very large firm of elec- 
trical engineers on the 
Continent. Fig. 9 
shows the arrange- 
ment. It will be 
noticed that three main 
turbines, T, are provi- 
ded ; these are in opera- 
tion when the top 
vessel speed is required, 
and may be assisted by 
a still further turbo- 
generating set, С and 
T3, which supplies 
current to three motors 
mounted on the main turbine shafts marked 
E. In the event of a low vessel speed being 
required, the main turbines are run without 
steam, and the propeller shafts are thenturned 
at slow speed by the above motors, supplied 
with current from the turbo-generator set 
G and T3, which is run at a high speed, 
being independent of the propeller shafts, 
which must run at a low speed. This 
arrangement is one of the many other 
attempts to get the right thing for securing 
increased economy in coal on turbine-driven 
vessels at low vessel speeds. the fault of 
turbines, as acknowledged generally, being 
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that if the turbine is run at a slow speed its 
steam efficiency is low per h.p. developed. 
There is no doubt that the above is a very 
practical application, but as the motors have 
to turn the rotors of the main turbines, 
whether the vessel is going “ahead” or 
“astern,” and the period of these half- 
speed conditions is only a very small per- 
centage of the time the vessel is under weigh, 
it is questionable as to whether the applica- 
tion was ever pu: into practice ; further, as 
the main turbines have to run at a suitable 
slow speed to suit the propellers (being 
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direct-coupled), it is very evident that no 
saving in steam would be made during the 
greater portion of the time that the vessel 
would be at sea, or that there is any very 
great advantage over the usual method, f.e., 
that of carrying the ordinary reversing 
turbines as regards reduction of dead weight 
and first cost. 

Another Continental firm have, however, 
gone a. little further, as shown in Fig. то, and 
it will be seen that in this case it is proposed 
to use a steam turbine to drive a three-phase 
alternator which supplies current to three 
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single-phase commutator-type motors coupled 
in mesh across the mains, and evidently 
engaging with three separate propeller shafts. 
This arrangement would no doubt work 
fairly well, but whether the weight of the 
single-phase motors and the fact that com- 
mutators are introduced on the main motors 
will outweigh the general advantages is a 
question remaining for practice to prove. 
Especially is its satisfactory working doubt- 
ful on occasions which require reversing 
under full vessel speed. 

Another interesting system of electrical 
ship propulsion has also been brought out 
recently by a well-known electrical engineer 
in Scotland, and is shown diagrammatically 
in Fig. іі as a twin screw lay-out. Тһе 
motors are on the polyphase current principle, 
but their construction is modified in order 
that a variable speed may be got on the 
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rotor of the motor; this is accomplished 
by means of an intermediate member or 
* spinner ” as it is termed, which runs inside 
an outer stator. Тһе main current is 
generated by turbo-alternators on board, and 
the speed variation at the motors is got by 
changes of connections and by means of a 
brake on the spinner. This system is most 
interestingly described in a recent issue of 
the Proceedings of the Institution of En- 
gineers and Shipbuilders in Scotland, and 
has raised considerable interest in ship- 
building circles; it has been brought out 
by an engineer who, like the author, has 
been investigating this most interesting 
problem of high-speed steam turbine appli- 
cation in conjunction with electrical power 
transmission for main marine propulsion and 
speed regulation for some years. 

A further system evolved by the same 
inventor is illustrated in Fig. 12. In this 
method a high-speed steam turbine is 
suggested to take advantage of the high 
steam economy that is to be obtained by 
running the turbo-alternator at its most 
economical speed for a given power, and in 
this case it is proposed to use for propelling 
the vessel four generators each wound for 
frequencies of, say, 20, 30, 40, and бо 
periods, and on one common shaft to mount 
the rotors of four separate and distinct 
induction motors. Each motor is arranged 
with a certain different number of poles, so 


' that by putting one of the above alternators 


on to the particular motor which 1s arranged 
with the most suitable number of poles to 
give the required speed, the shaft may be 
driven at roor.p.m., rgor.p.m., 200r.p.m., 
or 3oor.pm. When the full speed is 
arranged for, the connections are such that 
the whole of the plant is at work, each 
generator coupled to its most suitable motor, 
to give the desired speed of, say, 3oor.p.m., 
while the turbines may be running at, say. 
1200r.p.m., thus providing 1n this case an 
equivalent gear reduction of no less than 
four to one. ‘There is no doubt that work- 
ing under these conditions, there would be 
avery large saving in coal per shaft horse- 
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power delivered to the propellers, even after 
allowing for the electrical losses in the light 
high-speed generators and comparatively 
slow-speed motors. It can be said that this 
system of arranging the driving of turbine- 
driven ships should receive the very close 
attention of ship-owners, builders, and all 
those interested in the economical trans- 
portation of passengers and freight, and that 
it is decidedly a step in the right direction 
for the electrical propulsion of ships. 

Having now given a few illustrations as to 
the progress that has been made, it will not 
be out of place here to refer to some of the 
conditions that have to be dealt with when 
designing an electrical power transmission 
plant for main marine propulsion. In con- 
nection with the driving of ships by means 
of high-speed steam turbines, it must be borne 
in mind that the object is to save coal, and 
therefore the best economy can only be 
attained by running the turbine at its most 
efficient speed. There is thus necessary a 
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fixed maximum turbine speed most suitable, 
taking all other factors into consideration, 
such as the number of poles of the generator 
and motors respectively, and also that a set 
of efficient speeds must also be given to the 
propellers for slowing the vessel in case of 
fog, &c. At the same time one must bear in 
mind that at low vessel speeds it is essential 
to have the highest possible economy insteam, 
and this is best arranged for by so adjusting 
the ratio of the speed and number of poles 


of the generators that at half vessel speed 


one or several of the turbo-generators may be 
closed down, and only those turbines run 
which are essential to generate the amount 
of electrical power required by the motors 
when driving the propellers at a reduced 
speed ; it must also be observed that the 
power goes up considerably with the vessel 
velocity. It is interesting to note here what 
takes place in ship propulsion : in order to 
move a ship, the resistance must be over- 
come, and when the propellers are started up 
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THE TOTAL POWER OF THE ABOVE 


PROBABLY THE LARGEST ELECTRIC MOTOR IN THE WORLD DRIVING A GENERATOR. 
SET BOTH 
THE POWER OF ONE SHAFT OF THE '' LUSITANIA." 


MOTOR, 8000B.H.P. 
WORKING AS MOTORS WOULD EQUAL I6,000H.P., OR EQUIVALENT TO 
WEIGHT OF THE TWO MOTORS ABOUT 170 TONS. 

PRESSURE TURBINE OF THE “ LusITANIA”’ 


ONE Low- 
WEIGHS OVER 500 TONS. 
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I2,000H.P. TURBO-ALTERNATOR 750R.P.M. 


TOTAL WEIGHT OF GENERATOR, 734 TONS; STEAM 
CONSUMPTION, 13.86LB. PER KW. HOUR. 
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"MAURETANIA," SHOWING “‘ KITTEN" 
‘*TURBINIA’’ ALONGSIDE. 


they revolve for a short time before there is 
any appreciable headway or movement 
imparted to the ship. The power which has 
been thus expended is utilised to overcome 
the inertia of the vessel weight; when the 
inertia has been overcome the power is 
utilised in overcoming the consequent 
resistance of water and air to the moving 
vessel, and in accelerating the speed of the 
ship; as the speed increases the resistance 
increases and there comes atime when all 
the power is used for overcoming the re- 
sistance, and there is none required for 
increasing the vessel speed ; the ship then 
moves along at an approximately constant 
speed. The resistance offered to a ship’s 
motion in smooth water, may be divided 
into say three elements, viz, frictional 
resistance of the skin, eddy-making ге- 
sistance, wave-making resistance. Frictional 
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resistance is by far the most important ; the 
amount of friction between the immersed 
skin and the water depends upon the area 
and length of the immersed surface, upon 
the roughness of same, and also upon the 
speed. (A foul bottom causes a considerable 
increase in resistance and consequent re- 
duction in vessel speed, with a given power, 
and a ship’s bottom and propeller blades 
should always be kept as clean as possible.) 
Eddy-making resistance is usually small, and 
is caused by the form of the stern, &c., and 
by the churning of the propellers. The 
amount of resistance due to wave-making 
depends upon the form of the ship: at the 
bows of all ships some waves are made, and 
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if they pass away from the ship without 
producing a corresponding reaction under 
the stern, the energy used in forming the 
waves is wasted. Wind and waves at sea 
also cause the resistance to be increased, 
but the resistance from these is difficult to 
estimate ; the larger and longer the ship the 
less the wind and waves affect its progress, 
as may be seen by the regularity with which 
our large ocean-going steamships make their 
voyages to and fro under varying conditions 
of wind and seas. Experimental data go 
to show that, within ordinary limits, the 
resistance to propulsion varies as the square 
of the vessel speed, and that the power 
required to overcome the resistance varies 
as the cube of the vessel speed ; in other 
words, if a ship has a certain resistance 
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at a given speed, the resistance will 
be four times as much if the speed of the | 
vessel is doubled, and the necessary horse- ее 
power will be approximately eight times 
as much. 

By considering the above laws and the 
various resistances there have been produced 
many formule for finding the power neces- 
sary for a given vessel speed, but these for- 
тше are of little value, however, unless the = 
designer knows all the data of similar form, 
size, and speed. 

The most economical speed is the speed at 
which the vessel can proceed a given dis- 
tance with the least consumption of coal ; or “ғ---5 
it is the speed at which the coal burnt per (ШШ | 
knot is theleast. In general, however, if the E кезе ХҰН 
vessel speed is reduced the expenditure in 
coal is also reduced for the above reason, 
that the horse-power is less. This reduction, tw + 
however, only continues until a certain 
vessel speed is reached, after which the coal 
consumption rises per h.p. developed as the | 
speed diminishes. There is no way to cal- ШІЕН 
culate the speed at which this change occurs ; | | 
it can only be found by trial. The ship is run М. 
at various speeds and the engines carefully 
tested ; the most economical speed then can | | FF 
be found by dividing the coal consumption 
per hour by the speed in knots, the lowest _ 
value shows the most economical speed at | 
which to run the vessel generally. 

In considering the best means of propel- | 
ling а vessel, not the least important thing is 
the size and speed of the propellers that are to —1—] 
be used, and some of the interesting factors 
that have to be considered very closely are i 
the following : M | 

Above a certain revolution speed a propel- б 
ler of a given diameter, pitch ratio, and area i 
ratio, rapidly loses in propulsive efficiency 
(cavitation sets in and reduces the effective =! 
thrust). Cavitation is formed by the ineffect- pem 
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iveness of the atmospheric pressure to press =. 

up the water at the back of the blades of | 

the propeller fast enough to allow of effective ) a | 
thrust, and usually occurs at high-revolution A E — 
speeds and at high blade pressures per square 0 | 


inch of blade surface. Тһе slip ratio there- 
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fore increases, which produces a correspond- 
ingly reduced propeller efficiency. Propel- 
lers of small diameter at high speed and 
pressure possess the disadvantage of losing 
in propulsive efficiency, especially against 
head seas and winds, which again results in 
the slip ratio increasing, as may be observed 
from the manner in which direct-coupled 
steam-turbine vessels with high-speed propel- 
lers fall away from the trial-run speeds 
when at sea. 

The highest propulsive efficiency is to be 
got from slow-speed large -surface blade 
propellers, and this is very evident in some 
of the very fine slow-speed reciprocating- 
engined ships, and is no doubt one of the 
reasons why that eminent authority, Dr. 
Caird, stated recently that had the Lusitania 
been fitted with reciprocating engines at 
8or.p.m. instead of steam turbines at 
186r.p.m., only 5283oh.p. would have been 
necessary, instead of the 65,500h.p. at 
present required to propel the vessel at 
25knots. In the method used at present the 
propulsive efficiency is only 48.4 per cent., 
while in the case of slow propellers with the 
reciprocating-engined boat the efficiency 
would be more nearly 60 per cent., and the 
slip, instead of being 15.5 per cent., would be 
more like 9.5 per cent. 

By the above it will be seen how the most 
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efficient speed of the propeller materially affects 
the horse-power necessary to propel a given 
vessel, and it will now be interesting to note 
theeffecton the designand construction of the, 
Say, prime-mover that is to drivesame. The 
steam turbine is naturally a high-speed power 
producer, and great difficulties have to be 
faced in satisfactorily applying the same to 
the direct-coupled method of ship propulsion, 
especially when it must be considered in the 
light of a “ commercially " good proposition ; 
that is, as a dividend-earner. 

The theoretical best efficiency of the steam 
turbineis attained when the linear velocity 
of the rotating blades is equal to one-half 
that of the velocity of the steam impinging 
upon those blades, and as this figure is very 
high there remain but two alternative 
methods of obtaining the conditions that the 
best efficiency would require. The first of 
these two is to arrange the revolution speed 
so high as to enable the blades to receive the 
steam under the above conditions. 

The other alternative is to reduce the 
speed rotation of the turbine by increasing 
its diameter in equal ratio to the reduction 
of the rotative speed, which, of course, has 
the disadvantage of increasing the weight and 
steam leakage of the turbines of a given 
horse-power, and also the cost of same. At 
the same time the latter method does not 
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allow of the very necessary use of super- 
heated steam to the extent that is possible in 
the high-speed type, as, to allow for the rotor 
and case expansion, a certain clearance has 
to be allowed for between the tips of the 
rotor blades and the inside surface of the 
casing, also between the tips of casing blades 
and the outside surface of the rotor drums. 
The consequent leakage, of course, works 
out as a certain percentage of steam over 
the blade tips, no useful work being done by 
the steam thus passing through, and it is 
calculated that if the loss is, say, 3 per cent. 
when the revolutions are 600 per minute, 
then the corresponding leakage at 2oor.p.m. 
will be approximately 27 per cent, as the 
percentage loss varies as the square of the 
revolutions, or, which is the same thing, as 
the square of the rotor diameter. So that, 
allowing for the increased expansion due to 
larger diameter drums, the loss increases by 
the square of the diameter, or in other words 
by the extra area open to leakage. 

It will therefore be very evident why it is 
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thought advisable in many directions in 
direct-coupled steam-turbine-driven vessels to 
sacrifice a certain amount of propeller effici- 
ency in order to raise the speed and there- 
fore the steam efficiency of the turbine, and 
this accounts to a great extent for the high 
slip ratio noticeable in many turbine steamers 
afloat to-day; for the sake of reducing 
the boiler capacity and the weight of the 
same, it is found absolutely necessary to drop 
some of the possible propeller efficiency 
by raising the speed of the propeller to suit 
the steam turbine efficiency, and even then 
the turbine is not run at its most efficient 
speed, when its weight is taken into 
consideration. Hence it will be seen that 
although the turbine is better in steam 
efhciency the propeller would be better 
in propulsive efficiency at a lower speed. А 
compromise has therefore to be arranged to 
produce the highest (under the circum- 
stances) combined efficiency of the turbine 
and propellers: that accounts for the 
misleading statements so often made as 
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regards the s/eam used per shaft horse-power, 
and in some cases it really appears very low; 
but if the speed of the propellers be 
looked into, it becomes very evident that the 
propulsive efficiency is low: the power that is 
delivered by the turbine to the propellers 
is high in comparison to that power which 
would only be necessary for the same vessel 
speed and displacement if a slower speed 
propeller had been used, and as a con- 
sequence the cost in coal per passenger or 
cargo-ton mile is naturally higher. Direct- 
coupled turbine steamers are not very 
efficient in the all-important matter of quick 
stopping and reversing, which is an essential 
property to be possessed of and is particu- 
larly indispensable in the cases of battleships, 
cruisers, and other war vessels, cross-Channel 
boats and the like. It is said that owing to 
the lack of reversing power it is necessary to 
take the steam off the “ahead” turbines 
some considerable time before reaching the 
landing stage, and that the time gained in a 
quick vessel speed is to a great extent taken 
up at landing, so that the average time of the 
trip is longer (across Channel) than it would 
have been had the turbine vessels had the 
same power on reverse that reciprocating- 
engined ships have. 

It should also be borne in mind that the 
sudden reversal of the steam turbines is very 
severe on the turbine and steam consump- 
tion, as excessive vibrations are said to be set 
up by the change of rotation, and this is 
especially so when the reversing has to be 
carried out (say to avoid a possible collision) 
when the vessel speed is high and the 
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positive torque at the propeller is almost at 
the maximum. 

A further point, and of considerable im- 
portance from the ‘‘commercial” aspect, is 
the fact that when direct-coupled turbine 
steamers are slowed down owing to fog or 
other reasons, or are proceeding at a slow 
vessel speed such as when manceuvring in 
or out of harbour, &c., the steam consump- 
tion per shaft h.p. developed is very high, 
and is a serious matter to contend with, 
especially in the case of cargo boats that 
travel to all parts of the world, meeting with 
all conditions of weather, «с. А case in 
point is given by Mr. Thomas Bell, in his 
very interesting paper on the steam trials 
of the Lusitania read before the Institu- 
tion of Naval Architects recently, in which 
he stated that when steaming at 25.4 knots 
the steam consumption by the main turbines 
alone, without auxiliaries, was 12.771b. per 
shaft h.p. hour, and that when the vessel 
was slowed down to 15.77 knots, the steam 
consumption was no less than 21.2310. 
per shaft h.p. hour developed at that lower 
vessel speed, showing conclusively that by 
slowing the vessel speed 38 per cent. the 
steam consumption rose to 65 per cent. 
more per h.p. developed than that which was 
required by the same turbines, when running 
at a higher speed, at the higher vessel speed. 
It is also stated that the Dreadnought 
and also the German cruiser Гиедесе are 
very sluggish in manceuvring qualifications, 
probably for the above reasons. 

Having described some of the general con- 
ditions to be met with, we will now return to 
the subject of this article, and it will possibly 
be more than of passing interest to note what 
immense advantages the electrical transmis- 
sion of power has in store for the progressive 
steamship owner and builder. By this means 
it is possible to get the ideal and efficient 
slow-speed propeller and also to run the 
steam turbine (or other prime mover) at 
its most economical speed, using steam to 
the best advantage, reducing the capacity 
of the boiler-room equipment and effecting 
a corresponding considerable saving in 
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the weight of the same. "Тһе boiler 
rdom weight is the heaviest item in any 
steam-ship, especially when taking into 
account the dead weight of the water in the 
boilers, condensers, &c., as it is quite 
evident that if we use less steam we shall re- 
quire smaller condensers, &c., also a con- 
siderable reduction in the stokehold and 
bunker capacity ; these reductions, together 
with the fact that we need not install the 
usual reversing turbines, &c., with all the 
cross-connecting steam pipes, valve gear, «сс., 
mean that a very considerable saving in 
weight and first cost is well within the range 
of practical possibility as compared with the 
existing methods on direct-coupled steam 
turbines and reciprocating-engined ships. 
As a comparison, for instance, we will take 
the Saxonia, which is one of the finest liners 
afloat, fitted with reciprocating engines, and 
is atwin-screw ship. According to published 
data this Cunarder has a boiler steam 
capacity of 132,600lb. per hour (according 
to the Report of the Committee on Naval 
Boilers), the total boiler-room equipment 
weighs 1000 tons ; /.е., she therefore gives ап 
output per ton of boiler-room weight of 
132.6lb. of steam per hour. The boilers 
were tested and found to give the very high 
evaporation of 11.310. of water per lb. of 
coal burnt (actual); the engines меге 
indicated, and it was proved that she used the 
very low (for marine practice in this size 
engine) quantity of steam of 13. 510. per indi- 
cated h.p. hour, which is considered in 
marine engineering circles as very good. 
Dr. Bauer (an eminent authority) gives the 
weight of marine reciprocating engines of 
this type, including the propeller shafts and 
propellers, as 1501. weight per indicated 
horse-power. Taking this into account the 
total weight of the Saxonia’s engines, «сс., is 
658 tons. <As the output of the boilers was 
132,600lb. of steam per hour, the indicated 
horse-power was therefore 9822, or allowing 
a mechanical efficiency of the engines of 
85 per cent., the brake horse-power on each 
port and starboard propeller shaft was 4175. 
The total weight of the boiler-room and 
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engine-room equipment was 1658 tons. 
Taking the evaporation as equal to 11.3]b. 
of water per hour per pound of coal burnt as 
above, the total coal burnt per hour is there- 
fore 11,7341Ь. or say 5} tons. 

We will now lock into the question as to 
how an electrically-propelled Saxonia will 
show up as regards coal consumption (for 
the same b.h.p. produced), and also into the 
possibilities of reduced weight of propelling 
machinery (taking the boilers, &c., into 
account as well, as they have to be pushed 
along and fuel burnt to do so, &c.). 
Working backward from the motors, which 
would be of the three-phase squirrel-cage type, 
the brake horse-power of each would be 4175, 
at a speed of, say, about 97r.p.m.; the weight 
of these motors, shafts, and propellers would 
be (taking the weight as golb. per b.h.p.), 
say 336 tons. The electric power would be 
generated by two turbo-generators, each 
capable of giving 3265kw., running at a 
speed of 1300r.p.m., at, say, 20010. steam 
pressure, with superheat of r5odeg. Fah., 
and with a vacuum of 28in. at sea: on a trial 
run this would be considerably higher. 
These turbo-generators would under the 
above circumstances use, say, 14lb. of steam 
per kilowatt hour, and would weigh complete 
with condenser, steam and exhaust pipes, 
control gear, &c., say, golb. per kilowatt, or 
altogether 262 tons, making a total weight of 
engine-room equipment of 598 tons. 

Now the above turbo-alternators would 
consume 1410. of steam per kilowatt hour, 
therefore the total steam used would be 
91,420lb,, and taking the same evaporation 
as before per ton of boiler room weight, 
namely 132.6lb., makes the boiler-room 
equipment of the electrically-driven Saxonia 
only 69o tons. 

The total weight of the whole boiler room 
and engine room plant will therefore be 
1288 tons, and this, when compared with the 


.existing reciprocating-engined ship weight, 


which is 1658 tons, shows a saving in the 
weight of the propelling plant, including 
boilers in both cases, of no less than 22.3 
per cent. 
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The steam consumption at 1410. per kilo- 
watt hour (which can be guaranteed) is 
91,420lb. with the turbo-electric plant, as 
against 132,60olb. at present with the 
reciprocating engines, and represents a 
steam saving of no less than 31.5 per cent. 
in favour of electric propulsion. Taking 
the evaporation of water per lb. of coal 
burnt as in the existing Saxonia, namely 
11.3lb., the total amount of coal burnt to 
produce the same horse-power at the pro- 
pellers would be 80911. per hour, or equal 
to say 3.6 tons; and taking the present 
consumption of coal as given by the above 
evaporation as equal to 5.25 tons, this is 
also equal to a saving in coal of 31.5 per 
cent. 

The Saxonia runs to Boston from Liver- 
pool, and does about 15 knots, taking 
about eight days for the voyage ; she there- 
fore has to load (approximately) 1008 tons 
of coal per single trip: but the electrically 
driven Saxonia would only have to load say 
696 tons instead. As the coal cost is 
approximately 50 per cent. of the cost of 
working ships, this is not of the least import- 
ance to the ship-owner. ‘The subject is of 


the utmost interest to the naval aichitect, as,. 


taking the saving into account of the weight 
of propelling machinery, &c., and also the 
saving and consequent less tonnage of coal 
to be carried, the total less weight at starting 
the voyage will therefore be no less than 
682 tons (not counting the fewer number of 
stokers and attendants required). 

It should also be remembered that with a 
given cargo tonnage the reduced weight 
of the plant will have a considerable effect 
on the reduction of draught of the vessel. 
An important point in this last connection is 
that with reduction in draught we are pro- 
viding the same shaft horsepower; it is 
obvious therefore that the vessel speed will 
consequently be higher for the above reduced 
coal and steam consumption, therefore the 
actual time taken by the vessel will be 
reduced, and the total consumption of coal 
for the voyage will therefore be actually less 
than that given above. 
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The Saxonia is one of the finest examples 
of reciprocating-engine-driven vessels afloat, 
and is recognised as one of the easiest 
vessels to drive. It is of interest to note 
that Dr. Caird quoted in a discussion on 
marine propulsion recently at the Institution 
of Engineers and Shipbuilders in Scotland, 
that the tests of the 4096kw. turbo-alternators 
at the large generating station at “ Carville” 
in Newcastle showed a consumption of 
13.8lb. of steam per hour, at a steam 
pressure of 2oolb., with a superheat of 
108deg. Fah. and 2gin. vacuum, which goes 
to show that the allowance that has been 
made in this case is well within the bounds 
of practice. 

And there is no reason why the electrical 
transmission of power for main marine pro- 
pulsion should not be brought forward and 
raised to a very strong and impregnable 
position. 

In these days when large sums of money 
are being expended оп increasing the 
steaming radius and fighting capacity of 
battleships, cruisers, &c., it is really sur- 
prising that more practical attention has not 
been paid to the almost certain fact that the 
electrical transmission of power system will 
become the final link to bring the steam 
turbine and the internal combustion engine 
to a real point of economy; and it well 
merits the serious attention of naval archi- 
tects and designers of ships of war since 
economy in coal bears a highly important 
relation to the possibility of carrying heavier 
armour, &c., for a given displatement. 

As a fair comparison we will take the case 
of the Dreadnought, of which the published 
trial figures state that the steam consumption 
was 1410. per shaft or brake horse-power 
hour (not including auxiliaries), and that the 
total power at the top vessel speed was 
28,00ob.h.p. on four shafts, say, 7ooob.h.p. 
on each. Each shaft and propeller ran at 
an average speed of 3oor.p.m., and taking 
the above figures it shows that the boilers 
generated (for the main propulsion only) 
392,000lb. of steam per hour, and the 
evaporation at the trials worked out at about 
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Iolb. per pound of coal burnt. The vessel 
was tried under service conditions, and the 
important point is that the coal consumption 
equalled 1.410. per shaft horse-power hour 
developed; that is to say, equal to a 
coal consumption per day of twenty-four 
hours of 420 tons. On the Dreadnought 
there are ten turbines installed: four for the 
full speed ahead ; four to put in series with 
the above when going at cruising speeds of 
about 4 or 2 full vessel speed, thus taking 
the expansion further, and making this 
cruising speed as far as possible economical ; 
there are also two turbines for reversing, 
together with all the cross-connecting steam 
pipes and valves, &c. 

It is interesting to compare with this what 
might have been done in an electrically-driven 
Dreadnought, То generate the said 28,000 
shaft horse-power we will provide, say, four 
32-pole 7ooob.h.p. induction motors con- 
nected to the above four shafts, in this case 
running at, say, the same speed—namely, 
3oor.p.m. Taking the mechanical efficiency 
of these motors into consideration, which at 
full load would be, say, 95 per cent., the 
current would be generated by three 7боокх. 
turbo-generating sets, each running at a 
speed of тооог.р.т., and using steam at 
200lb. pressure, with superheat at r5odeg. 
Fah. and with 28in. vacuum, the steam con- 
sumption per kilowatt hour will be about 
13lb. "Therefore at full load and top vessel 
speed the total steam consumption for the 
main propulsion would be only 284,70olb. 
per hour, or equal to a fuel consumption for 
a 24-hour run of 305 tons—a saving in 
coal consumption of no less than 27 per cent. 
per shaft horse-power developed as compared 
with propulsion by steam turbines alone. 
That is to say, taking a full speed run for 
six days, the total saving in coal burnt 
would equal 690 tons, there would be this 
less weight of coal to be carried, and a 
further corresponding saving of the coal that 
would be required for the extra power to 
convey this extra weight at the high vessel 
speed. 

The effect on draught, cost, steaming 
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radius, vessel speed, &c., by such a saving in 
coal and steam would be enormous, and it 
goes without saying that such a saving of 
27 per cent. in coal reflects itself on the cost 
of the plant, and also the operating expense, 
maintenance, &c., in the following items at 
least: coal bunkers, fuel, boilers, feed- 
pumps, feed-pipes, steam pipes, exhaust 
pipes, condensers, funnels (a very important 
item), draught fans, air and circulating 
pumps, as well as the many other conditions 
that make up the steam generating plant and 
equipment of a modern battleship. 

Nor would there only һе 4Z/zee turbines 
on board in the place of ten, but the in- 
duction motors would run just as efficiently 
in either direction, so that there would be no 
necessity to install the usual reversing 
turbines, which are only mounted on two 
of the four propeller shafts. It is obvious 
that the full power may be given on all the 
propeller shafts, so that the possibility 
of stopping the vessel in short time, in case 
of collision, manceuvring, &c., is one of the 
most valuable advantages secured from a 
combatant point of view for turning tactics, 
manœuvres, &c.; further, for the cruis- 
ing speeds that are necessary (as a war- 
ship rarely makes a long distance trip 
in the ordinary way at top vessel speed) 
a very great economy is to be made by the 
fact that two of the above turbo-alternators 
may be closed down, and the work of pro- 
pulsion done very efficiently by the remain- 
ing one, so that instead of slowing down the 
turbines, as is done at present, the turbine 
generator would still run at the same speed, 
namely rooor.pm., but the motors, and 
therefore the propellers, would only run 
at just a little above half top vessel speed ; 
as the slip ratio increases slightly with the 
drop of vessel speed, with a given pitch 
propeller; it is therefore quite obvious that 
two-thirds of the boilers might be closed 
down, and the very large losses at sea due to 
radiation effects, and also the dead weight 
water in the boilers saved when making an 
extended voyage under cruising speeds, 
further reducing the draught, and making 


The ELECTRICAL MAGAZINE. (Electric Propulsion.) 


the possibility of a larger mileage to be 
covered with a given amount of coal. 

Taking into consideration that the induc- 
tion motors would be almost right back at 
the stern, the propeller shafts would be 
shorter than is now the practice, and this 
would obviously minimise the friction and 
out-of-line losses of long rapidly revolving 
shafting in rough weather, especially under 
severe pitching conditions, when the hull js 
constantly under more or less severe bending 
stresses, and this again tending to decrease 
of transmission losses from the comparative 
prime-movers in each case. Consequently 
shaft tunnels will be conspicuous by absence, 
and naval architects would have better 
facilities of *trimming" their ships, since 
the generating plant could be in any part 
of the vessel as might be convenient and for 
buoyancy sake desirable, and in some cases 
make a considerable reduction in the size 
and dead weight of ballast tanks required, 
which have to be pushed along; and it 
is well within the range of possibility that the 
hull design would consequently be reduced 
for a given safety factor in strength and 
weight. 

Considerable interest has been aroused 
recently by the speed and travelling con- 
venience of the modern cross-Channel turbine- 
driven steamers, and some reference to these 
interesting vessels is not out of place in these 
notes, but as to whether these most elaborate 
vessels can be seriously looked on as “ com- 
mercial " successes remains for time to prove. 
The following figures may be of interest 
because of the approximately equal displace- 
ment of two vessels, one fitted. with recipro- 
cating engines, and the other fitted. with 
steam turbines. 

It will be noted that in the recipro- 
cating-engined ship the steam used, in- 
cluding auxiliaries, was rg.41lb. per ih.p. 
hour, and this, allowing а mechanical 
efficiency of 85 per cent, gives a steam 
consumption of 22.8lb. per shaft horse-power 
hour; in the turbine-driven ship the steam 
consumption is, including auxiliaries, 22.871b. 
per shaft horse power, but attention should 
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VERNOR 
NANTUCKET. GOVERNO 


Cosg 
Date of test .. 0... .. © Feb. 7,1904 April 18, 1907 
Duration of test—boiler | 204 hrs. 8 hrs. 
Duration of test—engine .. | 20} hrs. 4 hrs. 
Boiler pressure (унан 
gauge) БЕ да 147°31Ь. 128lb. 
Qualitv of steam (sampled . 
at drip) 24 ИҢ А 9878 973 
Barometer А 147715. 14271 
Temperature of air pump : 
discharge .. 4% А а | 110° F. 
Temperature of feed water 2094 F. | 213° F. 
Kind of coal used Georges Creek | Cape Breton 
Moisture in coal  .. TE 2% rg: 
Ash and clinker in coal .. | 7:'6., 6:37 
Draught at blowers.. = Natural 2'r inches 
Number of boilers бие | 
ended Scotch) .. aa 4 6 
Total grate surface .. x 320 sq. ft. 323 Sq. ft. 
Total heating surface, ap- 
proximately . | 10,150 sq. ft. 12,000 64. ft. 
Ratio, heating to grate .. 3177 372 
Coal fired per hour .. e 5,135lb. 8,050lb. 
Water fed per hour (average 
during engine test) қ 45,8441lb. 85,710lb. 
Coal burned per square foot 
grate surface i T 16lb. 24'64lb. 
Maximum revolutions... ' -— р. 475, S. 460 
| C. 440 
Corresponding total shaft | 
horse-power T € = 4,100 
Average revolutions 74.05 447 
Average total horse-power . 2,362 3.747 
Steam for auxiliaries — 28,360lb 
Steam per І.Н.Р. per hour, 
total .. I9: 41lb — 
Steam per brake T | 
power per hour, total .. -- 22°87lb 
Propelling machinery only — 19:74lb 
Speed (average) in knots . 15:00 | 17721 
Type of engine аш Turbine 
Vacuum in inches .. és | 27 
DIMENSIONS. 
Length between perpen- 
diculars i^v - .. 


Beam moulded 
Draught % 
Displacement.. .. 2s 


be drawn to the fact that the speed of the 
propellers, and, therefore, the propulsive 
efficiency, was vastly different in each case, 
accounting for the extra horse power pro- 
vided for in the turbine vessel, as the 
increase in speed of the latter is so small 
in proportion to the increased horse-power. 
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A great amount of interest and discussion 
took place in the United States at the 
Society of Naval Architects, before whom 
the particulars were presented, and they 
were later vouched for by one of the most 
eminent authorities in American shipbuild- 
ing circles, who stated that “there was 
every reason to believe that the water 
meter used in determining the feed 
water gave very accurate results. Тһе 
meter was calibrated by the manufac- 
turers before leaving their works, and was 
calibrated at the Institute of Technology in 
the department of Naval Architecture after 
the test was made." 

He further pointed out that it was in- 
teresting to note that the coefficients 
determined by the experiments differ from 
those as given by the manufacturers by less 
than half of one per cent. The fact that a 
curve of meter readings, plotted at ten- 
minute intervals, followed exactly the fluc- 
tuations of power was a pretty strong in- 
dication that the readings of the meter were 
not sensibly in error. 

Taking the steam consumption in this 
turbine-driven ship, it is interesting to com- 
pare it with the possibilities of an electrically- 
driven cross-Channel vessel of the same 
horse-power with the propellers running at 
the same speed ; though in really designing 
such a vessel equipment a slower speed for 
the propellers would naturally be taken. 

Three 1250b.h.p. 20-pole squirrel-cage 
induction motors, running at a speed of 
447r.p.m., with a mechanical efficiency of 
93 per cent, requiring 3020kw., this 
generated in two turbo-alternators, each 
giving 1510kw., each running at a speed of 
about rsgoor.p.m., and supplied with steam 
of a pressure of 1601Ь. per square inch, with 
a superheat of 150deg. F, and a vacuum of 
28in., would consume, guaranteed, 16lb. of 
steam per kw.-hour, which is equal to a con- 
sumption of steam per shaft horse-power 
hour оп the motors of 12.8lb., or a saving of 
no less than 35 per cent. in steam for 
the same shaft horse-power. The possibilities 
of the application of electrical power trans- 
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mission for the propulsion of cross-Channel 
boats should therefore be very encouraging, 
and when our railway companies wake ир to 
the fact that such a saving is possible, it is 
to be hoped that a vessel may in the near 
future be equipped. It is certain that the 
owners would find that such a vessel would 
be a good dividend-earner, which is more 
than can be said for the majority of the 
direct-coupled steam turbine-driven vessels 
running at present, and this question would 
be more than appreciated if, when the various 
papers are read before the engineering 
societies on the matter of the “ commercial " 
application of the direct-coupled marine 
steam turbine, the authors were to state 
the actual steam used by the turbines 
per shaft horse- power hour; if the 
coal is quoted only, the possible high 
evaporative efficiency of the boilers is not 
taken into account, and the turbine given 
the credit of the low coal consumption, very 
often quoted per shaft horse-power developed, 
which is very misleading, as the *''com- 
mercial" efficiency of any vessel should 
be quoted in the lines of the amount of 
coal burnt per ton of displacement per mile, 
or ton of passengers or freight carried a given 
distance; it will be seen that the above com- 
parison points out that even at the same 
propeller speed the electrically-driven vessel 
only uses 1.28lb. of coal, as against the 
direct-coupled turbine ship (without auxili- 
aries), which uses r.974]b. — when taking 
the evaporative efficiency of the boilers as 
equal in both cases to rolb. of water to 
Ilb. of coal burnt per shaft horse-power 
hour. 

We have now considered a first-class 
reciprocating-engine vessel, the Saxonia; a 
latest type of battleship, the Dreadnought ; 
and a fairly recent small power cross-Channel 


. boat, the Governor Cobb, and it is very 


evident that a considerable saving in coal, 
etc., may be made in each case for a given 
vessel speed and displacement. 

The fact that direct-coupled steam tur- 
bines were adopted for propelling those 
enormous leviathans the Lusitania and the 
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Mauretania naturally will lead many to 
think as to what electrical transmission and 
speed regulation would have been able to 
accomplish in vessels of this power and 
dimensions. They are approximately twin 
vessels; the J/aurefania is, however, the 
larger of the two, and apparently the most 
efficient, judging by published figures. It 


was stated that the steam used per 
shaft horse-power hour on the Lust?- 
zania trials was 12:77lb, while in the 


published figures, as given recently at the 
Society of Arts, it was stated that 
the Mauretania only used 11.81. per 
shaft horse-power. ‘Taking this power to be 
68,00oh.p., that is, equal to 17,оооћһ.р. оп 
each of the four shafts, the consequent 
steam consumption being, say, 782,000lb. per 
hour, taking the evaporative efficiency of 
the boilers to be equal to those of the 
Lusitania, t.e, 10.21b. of water per lb. of 
coal burnt, the total coal required per hour 
amounts to 34.25 tons (for propulsion only) ; 
taking the Saxonia boilers giving off 132.6lb. 
of steam per hour per ton of boiler-room 
weight as a fair average, then the weight 
of the Afauretania’s boiler-room equipment 
is equal to 5897.4 tons. It has been given 
out that the weight of the turbine and 
propelling machinery of  turbine-engined 
ships 1s 7 per cent. less weight per shaft 
horse-power than for a corresponding power 
in the reciprocating-engined ships. Therefore 
taking Dr. Bauer (an eminent authority) 
who gives the weight of reciprocating engine 
room and propelling machinery as equal 
to rgolb. per i.h.p, and taking the 
mechanical efficiency of the engines at 
85 per cent. we have as the weight 
of plant 1771Ь. per shaft h.p. developed ; 
allowing the above 7 per cent. lighter 
per shaft hp. we get in the turbine 
ships a weight of engine-room equipment of 
165lb per shaft h.p. developed. That being 
so, the total weight of the AZauretanta’s 
engine-room equipment is approximately 
5000 tons, therefore the total weight of the 
steam plant 1s 10,897 tons. The above very 
low steam consumption per shaft h.p., 
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together with the evaporation as shown per 
lb. of coal burnt, means that the total coal 
consumption (for propulsion only) is equal 
to 34.2 tons per hour ; or she would have to 
load, taking five days’ steaming, 4134 tons 
for propulsion only. 

Now, in the equipment of the electrically- 
driven Mauretania we shall require, say, 
eight squirrel cage induction motors, each 
capable of giving off 85oob.h.p. (two mounted 
on each of the four shafts) ; these, with a 
mechanical efficiency of 95 per cent. at full 
load and at a speed of 2oor.p.m., would 
require 53,200kw. To supply this current we 
should take, say, four 13,300kw. turbo- 
alternators, running at a speed of, say, 
Зоог.р.т., and on a steam pressure of 18olb. 
pressure, superheated by r5odeg. F., and on 
a vacuum of 28in., the steam consumption 
would be 1110. per kilowatt hour, and the 
total steam required would be 585,200]. 
per hour, or equal on the above evaporation 
to 25.7 tons of coal per hour, or a saving 
of no less than 25 per cent. in coal consump- 
tion for the same shaft horse-power de- 
veloped. 

As regards the weight of the necessary 
boilers, taking the same constant as above, 
namely 132.6lb. of steam per ton of boiler- 
room equipment, it would therefore be 4414 
tons only. 

The weight of the engine-room and pro- 
pelling equipment would be as follows: 

Four sets of motors and propeller shafts, 
propellers, &c., equalling 68,оооћ.р. at 7olb. 
per horse-power developed, gives a weight of 
2125 tons. 

Four turbo-generators (53,200kw.), with 
condensers, pipe-work, &c., at 7olb. per kw., 
equals 1663 tons. 

Therefore the total weight of the propel- 
ling plant of an electrically-driven Mauretania 
would be approximately 8202 tons, as com- 
pared with the estimated 10,897 tons, or 
24.5 per cent. less weight for the plant. 

As she would only use for a five-day full- 
speed trip 3090 tons, she would therefore 
have to load 1044 tons less, or taking into 
consideration the saving in dead-weight of 
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machinery, &c., and coal per trip, there 
would be a dead-weight saving of no fewer 
than 3739 tons, not taking into consideration 
the smaller amount of auxiliary machinery 
required, the less number of stokers and 
attendants necessary, Nc. There is also no 
reason. why the speed of an electrically 
driven Afaurefania’s propellers need exceed, 
say, 15ог.р.т., which although tending to 
increase the weight of the motors (only) 
would give a much higher propulsive 
efficiency per horse-power delivered, thus 
increasing the vessel-speed or requiring less 
power for the same vessel-speed. 

Probably the largest tonnage in vessels 
afloat is in that type of vessel usually called 
a “tramp,” or a vessel that is a purely cargo- 
carrying one, and a reference to the power 
equipment of one of these ships is not 
without interest as to the possibilities 
of electrical power transmission applica- 
tion, especial bearing in mind that the 
direct-coupled steam turbine is not suitable 
for this kind of vessel, as the vessel-speed is 
too low, and also the fact that in many 
instances the above vessels have to run 
at an extraordinarily low speed, especially 
when coal is not to be obtained at some 
port abroad. In that case they generally 
slow down the engines, working them 
with a very expansive stroke, for the 
reason that the power is, say, at half- 
vessel speed, only perhaps one-fifth that 
at top-vessel speed (or even less); such 
facilities are appreciated in shipping circles, 
especially in certain cases as when time is 
not of the utmost importance. Not only 
would the direct-coupled turbine not be 
suitable for this class of vessel, but, if it were 
required to slow the vessel for any reason, 
as above explained, the steam consumption 
would һе excessive, and the above 
operations could not be satisfactorily 
carried out. 

The author recently had instructions to 
design a set of electrical-propelling machinery 
for one of these vessels, and the following 
particulars were given to him to work to for 
guidance : 
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339 X 46.2 x 22.5ft. draught. 

Displacement 8010 tons. 

Deadweight carrying capacity 5700 tons. 

Block co-ef .796. 

Speed 9.2 knots. 

I.h.p. 1250 (single screw). 

Coal consumption 20 tons per day of 
twenty-four hours. 

Weight, hull and equipment 2000 tons. 

Machinery, including boilers, &c., 300 
tons. 

Boilers 15ft. біп. x 10ft. біп., 1851Ь. 
working pressure. 

Engine 24 X 39 X 65 x 45in. 
condensing. 

Shaft speed 70 r.p.m. 

Diameter of propeller 17ft. 

Present cost of complete 
033,000. 

Present cost of complete machinery and 
boilers, &c., £9500. 

It will, therefore, be observed that the 
power on the propeller, or shaft horse-power, 
allowing as high an efficiency as 83 per cent. 
(an extremely high figure for such slow 
marine engines), the shaft horse-power at 
top vessel speed is 1038b.h.p. ; it is there- 
fore interesting to note the effect of an elec: 
trical power transmission installation in this 
case, and also the effect on the *''com- 
mercial” side of the question as regards the 
reduction of operating costs and the possible 
higher vessel speed for the same power 
developed. 

It will be noted that the weight of the 
the whole plant must not exceed 300 tons, 
and that the cost of same must not exceed 
£9500 sterling. 

The particulars of the plant to meet the 
above requirements would be as follows: 
One squirrel-cage induction. motor, to run 
at a speed of 7or.p.m., to give off 1038b.h.p., 
complete with propeller and shaft, weight 
per b.h.p. rr2lb., equals 52 tons. 

Turbo-generator, condenser, &c., capable 
of giving off 840 kilowatts, weight of which 
would be 9316. per kilowatt, equals 39 tons. 

Pipework, under which is included all 
pumps, water, steam and exhaust pipes, 
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Fic. 25. DESCRIPTION OF THE ‘‘ PARAGON” SYSTEM OF ELECTRICAL POWER TRANSMISSION AND SPEED REGULATION, 
INCLUDING REVERSING, ETC., FOR MAIN MARINE PROPULSION. 


Turbine (or gas engine) shaft revolving constantly in same direction at, say, 1ooor.p.m. on which are mounted 
members B, D, G, and H. 
Revolving field magnet of alternator (three-phase). 
Stator or armature of same. 
Slip-rings (small) which take the exciting continuous current, from exciter E to magnet B. 
Series wound exciter, for revolving magnet B. 
CORE еп can short-circuit the field of exciter E, therefore making a no vcltage condition throughout the 
whole system. 
Slip-rings (та! ) that take the three-phase current from armature C to primary of transformer-generator Н, 
for the two top speeds of rotor K. 
Revolving primary of transformer-generator, in use on two top speeds. 
Stator gi TANS OUI ETER nerd on. from which three-phase current is taken to motor stator L, оп the two top 
speeds. 
Propeller shaft that requires to be under variable speed, torque conditions, either ahead cr astern. 
Short-circuited squirrel-cage rotor of induction motor, which is coupled to propeller shaft J. 
Single-winding stator of induction motor as above, say for 60 poles. 
е current (three-phase) between armature C and slip-ring$ С, as arranged for middle speed of 
rotor k. 
Direction of above three-phase current at top speed ot rotor K. 
Direction of rotation of prime mover A at all times: 
Pct revolving magnetic flux in revolving primary H when supplying current at the middle speed of 
rotor K. 
Direction of revolving magnetic flux in revolving primary Н when stator, or secondary I, is supplying current 
to the motor stator L when rotor K is running at top speed. 
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gratings, platforms, &c., at 87lb. per shaft 
h.p.. equals 4o tons. 

Boilers, under which are included boilers 
with small and large mountings, firebox and 
funnel, at an evaporation of 120lb. of steam 
per hour per ton weight, equal 119 
tons. 

Thus the total weight of the power equip- 
ment will be 250 tons, or a saving of sotons 
in the machinery alone. 

The steam consumption per kilowatt hour 
will be 171b., with a steam pressure of 180lb. 
per square inch, with superheat of 150 
degrees, and 28in. vacuum, and running at a 
speed of 1350r.p.m.; the total steam con- 
sumption will therefore be :r4,290lb. per 
hour. Allowing for the auxiliaries a further 6 
per cent. gives a total steam consumption of 
15,050lb. of steam per hour. Now, allowing 
an evaporation of 1010. of water per lb. of 
coal burnt, the coal consumed per hour will 
amount to 1505lb., equals 16.13 tons рег 
day, making therefore a saving of about 19 
per cent. in coal for the same shaft horse- 
power. 

The total cost of the above plant will not 
exceed the allowed amount, namely, £9500, 
including erection on board. ‘The real 
advantage, however, is that the cost of 
operation is reduced, in so much that, say 
the vessel is bound for a very long trip 
and has a 21-day non-stop run (a thing that 
is often done), as the coal used per day 
is only 16.13 tons, the amount of coal to be 
loaded and carried at the start is only 339 
tons, in the place of 420 tons as in the re- 
ciprocating-engined ship, and the 5o tons 
saved in the machinery and the от tons saved 
in the coal consumption makes a saving in 
dead-weight of no fewer than 141 tons less to 
be pushed along, effecting its equivalent dis- 
placement ; therefore the number of hours 
taken by the vessel to do the journey 
will be less, and the total consumption 
of coal for the trip will be less for 
that reason ; considerable valuable space can 
be saved in the vessel, and much more room 
be given to the disposal of cargo, «с. The 
case therefore merits the closest investiga- 


tion, promising as it does a solution to the 
very vexed question of shipping at the 
present day. 

As the author advocates the use of poly- 
phase alternating-current apparatus and 
squirrel-cage motors with single windings in 
connection with this important power trans- 
mission and speed regulation scheme for 
main marine propulsion, it might be very 
well asked as to how the necessary speed 
regulation is to be obtained, &c., as to how 
the large-type induction motor is to be 
started at work for driving or reversing the 
propeller, &c. 

Fig. 25 shows a method of applying the 
" Paragon" electrical power transmission 
system for this purpose of main marine pro- 
pulsion and especially in large powers and 
units. 

Working condttions.—Say alternator В is 
4-pole, and transformer-generator H r2-pole. 
Assuming that contact F is on and bridging 
the field of exciter E, start prime-mover A, 
and, through suitable switch-gear, couple arma- 
ture C to motor stator L, then by lifting 
contact F, the voltage will gradually rise in the 
system, and the rotor K and propeller shaft 
J will rise to a synchronous speed of 
66.6r.p.m. (speed of А, rooor.p.m.). 

Second speed.—Bridge over the contact F, 
and voltage will immediately fall to zero in 
the whole system, then change the connec- 
tions as follows: instead of going to the 
motor stator L, take the three-phase current 
from C to slip-rings G, and connect in such 
a way that current is in the direction marked 
М; at the same time connect the motor 
stator L to the transformer secondary I; 
now by lifting contact F, the voltage and 
periodicity from I to L will rise, and the 
rotor K will increase to a synchronous speed 
of 133.3r.p.m. 

Top speed.— Bridge over the contact F, 
when a no-voltage condition will take place 
in the whole system, then reverse two 
of the three phases at N, and by lifting contact 
F the voltage and periodicity will rise, and 
the rotor K will increase to a synchronous 
speed of 266.6r.p.m. 
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Reversing at either of the above speeds.— 
Bridge over the contact F and voltage will 
fall into a zero condition, then reverse two 
of the three phases at L, and the same 
speeds will be obtained, but in the opposite 
direction, the prime-mover remaining in the 
same direction. 

Particulars. — When in the first. speed 
condition, the periodicity at L is as follows: 
Prime-mover speed, tooo, multiplied by 4 
generator poles, equals yooo alternations per 
minute, therefore 33.3 periods per second. 

When on the second speed condition, the 
periodicity at L is as follows: Prime-mover 
speed, тооог.р.т., multiplied by 4 poles, 
equals дооо alternations per minute, then 
prime mover speed, 1ooor.p.m, multiplied 
by 12 transformer-generator poles, equals 
12000 alternations, minus 4000 alternations, 
equals 8ooo alternations per minute, there- 
fore 66.65 periods per second. 

When in the top speed condition, the 
periodicity at L is as follows: Prime-mover 
speed, rooor.p.m., multiplied by 4 poles, 
equals 4000 alternations per minute, then 
prime-mover speed rooor.p m., multiplied by 
12 poles, equals 12000 alternations, added 
to 4000 alternations equals 16000 alterna- 
tions per minute, therefore 133.3 periods 
per second. 

It will be observed that if the armature C 
is mounted on bearings, and a brake at- 
tached to same, that by letting the brake 
slip the armature will endeavour to follow 
the magnet B, and should the brake be free 
the armature C will equal the speed of B 
and the periodicity of the whole system will 
then be zero, and consequently the rotor k. 
It will thus be seen that any speed may 
be obtained on rotor K from zero to 66.6, 
Or to 133.3 or to 266.6, as may be desired, 
by adjusting the small brake, the turbine 
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running at constant speed. That is 
the method by which the author proposes 
to vary the periodicity of the whole 
system by means of these connections, 
and “floating fields," in the generator- 
transformer. This is the right place to 
do it, because by close investigation it 
has been found that in dealing with big 
powers the disposal of the heat given 
off by large motors 1s a subject of the im- 
portance of which few people are aware. 
For instance, there would be considerable 
trouble to get the heat away from a motor 
fitted with slip-rings; and, in fact, even 
on motors for 4ooo total horse-power 
with windings in tandem, one behind the 
other, although acting very well on the 
small powers, it will be found on investi- 
gation that it is not so satisfactory when 
applied to big powers. Therefore, by 
using a motor with a single winding on the 
stator and a squirrel-cage rotor we get the 
best machine we possibly can have for 
efficiency ; we have a highly efficient motor, 
therefore a relatively small amount of heat to 
dispose of ; a motor which has a minimum of 
diameter, so that it may be placed easily in 
the stern of the vessel ; a motor small in cost, 
which is not an inconsiderable matter in 
applying the scheme to ship propulsion ; and 
in short a motor that has a maximum of 
strength and utility as regards electric 
motors of any description. That is the 
object of developing the “ Paragon " system 
in this manner, and the author trusts he has 
made it clear how it is possible to get a 
variable speed with a squirrel-cage motor 
having single windings. 


WILLIAM P. DURTNALL, 
M.1.Mar.E., M.I.Auto.L. 


(70 be continued.) 
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AUXILIARY ELECTRIC PLANT ON THE 
CUNARDERS. 


OD 


N the course of a paper read last month 
before the Institute of Marine En- 
gineers, Mr. John McLaren introduced 

a series of very interesting particulars con- 
cerning the electrical equipments of the 
Lusitania and Mauretania. The use of 
electric motors on these vessels has been 
adopted on a greater scale than has ever 
before been attempted for passenger ship’s 
work. All the motors and lights are operated 
by continuous current. The Zus:¢ania has 
eleven passenger and baggage lifts as 
follows: Two passenger lifts, 1ocwt. each, 
operated by 8h.p. motors ; two baggage lifts, 
4ocwt. capacity, operated by 15һ.р. motors ; 
two service lifts, 10cwt. each, operated by 
sh.p. motors ; three food lifts, of 2cwt. each, 
operated by І}һ.р. motors; and two ash 
hoists, of 2cwt. each, operated by 3}h.p. 
motors. 

The electric lighting sets consist of four 
generators direct coupled to Parson's tur- 
bines, running at 1200r.p.m. The output of 
each set is 375kw., or 5ooh.p., at 110 to r20 
volts, shunt wound. In the galley electricity 
is largely used for driving the patent roasters, 
and bread-making machinery, meat-slicing, 
potato-peeling, sandwich-making, dish-wash- 
ing, cream-freezing and whisking machines 
are all operated by electricity. 

The refrigerating machinery, in duplicate, 
is operated by an electric motor, with a 
variable speed regulation from до to 110 
rp.m. The centrifugal pump for circulating 
the brine is driven by a small motor. The 
thermo tanks are also electrically operated. 

The forced-draught fans for the boilers, 
sixteen in all, are driven by soh.p. motors, 
100 volts at 45orevs. maximum to 185 mini- 
mum. These motors have been provided 
with special means of ventilation owing to 
the high temperature in which they have 


to work. The engine room is ventilated by 
twelve fans driven by motors. Оп test the 
temperature rise of these and the stokehold 
fans was under боер. F. 

For boat lifting four hoists are provided 
capable of lifting 12cwt. at 25oft. per minute. 
Each hoist is operated by a 14b.h.p. motor, 
110 volts at 6oor.p.m. For deck purposes 
four cranes are provided of 3ocwt. capacity 
each, separate motors being used for 
lifting and slewing. For lifting, a 15h.p. 
5oorevs. motor is installed, with worm re- 
duction gear. The slewing motor is 2}b.h.p. 
at 75or.p.m. The steam-driven auxiliaries 
are the circulating pumps for the main con- 
densers, which are driven by a 358b.h.p. 
engine running at 3oor.p.m. There аге 
three steam winches for cargo holds, two of 
which are 8in. by ідіп. and one rain. by 
16in. There are eight steam-driven capstans, 
four forward and four aft, each of which is 
driven by a roooh.p. engine. All of these 
steam-driven auxiliaries could very easily 
have been driven by electric motors. 

The details of the Mauretania are some- 
what similar as far as the auxiliaries are con- 
cerned. The galley is fitted with electric 
egg-boilers, grillers, hot plates and knife 
cleaners. 

The engine-room ventilating fans consist 
of ten 4h.p. fans, eight 5h.p. fans, six 2.5h.p. 
fans, and four :h.p. fans, all specially 
ventilated as in her sister ship, the stoke- 
hold fans being the same as in the Lusitania 
The 75in. and бош. sluice valves are each 
operated by two 12h.p. motors. A rather 
novel feature in these two boats is the 
electrically-operated whistles. 

The above particulars will show to what 
extent the advantages of electricity for 
operating this class of machinery have been 
recognised by the designers of to-day. 
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WIRELESS TELEGRAPHY ON BOARD SHIP. 
OD 


VEN in these days of new discoveries 
the invention and application of wire- 
less telegraphy stands in the front 

rank as one of the greatest achievements 
of modern science. Improvements have 
followed one another in rapid succession, 
and indeed wireless electrical transmission 
has become the fashionable theme of the 
inventor and scientist. The great progress 
of Hertzian wave telegraphy has been due 
almost entirely to the immense service it 
has rendered to shipping generally; the 
merchant is no longer cut off from the 
outside world during voyages from continent 
to continent; not only is he in constant 
communication with his business on shore, 
but he is able to enjoy the luxury of his 
dailv newspaper. 

The value of radio-telegraphy to the 
shipowner cannot be over-estimated; the 
position of a ship fitted with the modern 
telegraph can be accurately followed and her 
time of arrival fixed with far more certainty 
than before its adoption. Passengers now 
travel with a greater sense of security, 
knowing that if accident should happen the 
flashing of the distress signal, viz., '* SOS," 
would bring ships from all points of the 
compass rushing to the aid of the disabled 
boat. The recent event where the lives of 
the passengers and crew of the ss. Republic 
were saved by wireless telegraphy from 
almost certain death, is still fresh in the 
minds of everyone; this is, however, but 
one of the many incidents in which help has 
been obtained through this medium, and it 
is safe to say that ere long the fog at sea, 
which is so disastrous to shipping, will lose 
many of its terrors when mariners by the aid 
of wireless will be able to locate the exact 
position of their own and that of other 


vessels in the immediate vicinity. ‘The time 
may also not be far distant when the in- 
efficient methods .of signalling by means of 
flags will be superseded by the more 
practical and infinitely superior method of 
wireless telegraphy. 

With quite a small installation a range of 
fifty miles is easily obtained. At the present 
time there are several more or less known 
systems suitable for ships, which have been 
thoroughly tested and proved reliable. 

It may be of interest before going further 
to recount a few of the early experiments 
which were carried out by Mr. Marconi and 
others. Prior to the year 1896, when Mr. 
Marconi first brought his historical “ secret 
box" to this country, Sir William Preece, 
F.R.S., had been engaged in some very 
interesting and successful experiments in 
wireless telegraphy between Rathlin Island 
and the mainland. The distance covered 
was approximately two and a half miles, and 
for a considerable time the apparatus was 
used by the military authorities. 

The system had, however, serious limi- 
tations, which can easily be comprehended 
when it is understood that in order to signal 
over a given distance it was found necessary 
to stretch two telegraph lines parallel and 
opposite one another, each wire being equal 
in length to the distance between the stations. 
On the advent of Мг. Marconi іп 
England further experiments in the above 
system practically ceased. Sir William 
Preece quickly perceived the enormous 
advantages of the former's apparatus and its 
modus operandi, and at once interested him- 
self in its further development. 

In the light of present-day knowledge one 
is apt to forget the work of the pioneers, but 
it is a generally recognised fact that but for 
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the kindly assistance of Preece, not only 
personally but also officially, Marconi's system 
would not have held the position it does 
to-day, either technically or commercially. 

The most important of Marconi's early 
experiments were those carried out between 
Bournemouth and the Needles, a distance of 
ten miles. These took place in the year 
1898, and it is interesting to note that in 
these tests the signalling speed was something 
between three and four words per minute. 
Subsequently these stations were removed to 
Poole and St. Catherine's Point respectively. 

In 1899 Marconi established wireless com- 
munication across the Channel, between the 
South Foreland Lighthouse and Wimereux, 
near Boulogne, and at this time public 
excitement about the new method of tele- 
graphy was at its zenith. 

On Dec. 12, Igor, Marconi received 
signals across the Atlantic at St. John's, 
Newfoundland, from a large station at 
Poldhu, in Cornwall. This station was 
principally designed, so far as the plant was 
concerned, by Dr. J. A. Fleming, M.A., 
F.R.S., whose contributions to electrical 
science are well known. 

It would not be fair in passing to omit 
mention of the experiments carried out in 
1903 by Dr. Lee de Forest between 
Holyhead and Howth Point, in Ireland. 
Although the distance covered was com- 
paratively short, considerable significance 
can be attached to these tests, since they 
demonstrated a very important fact, viz.— 
the possibility of two wireless stations of 
approximately equal power operating simul- 
taneously without in any degree interfering 
with one another, since within two or three 
miles of the Holyhead station a Marconi 
installation was also exchanging messages 
with Atlantic liners carrying wireless instal- 
lations. 

Mention should also be made of more 
recent work, but as space is limited, the 
writer will content himself by giving results 
obtained during 1908 by the Amalgamated 
Radio Telegraph Company at their radio 
station at Cullercoats, near Newcastle. 


Dy means of their latest and most perfected 
type of recorder signals have been received 
at the above station from Lyngby, in 
Denmark, and printed at the rate of тоо 
words per minute. 

In referring to the early work, the object 
has been to show how this system of com- 
munication has been improved from a 
technical point of view, and it is now to be 
shown what enormous advantages are to be 
gained from equipping vessels with this 
means of signalling. 

Unfortunately, through the desire of in- 
terested parties to advertize particular systems 
of radio- telegraphy, the public have from time 
to time been apprised, through the medium 
of the daily press, of extraordinary feats, or 
better freaks, of communications which may 
have occurred from time to time but cannot 
be repeated, and is thus led into believing 
that vast improvements апа develop- 
ments are going to be made— beliefs which 
unfortunately have rarely, if ever, been 
realised by actual results. 

This method of disguised advertisement 
has done much harm to this particular branch 
of science, since the investing public quickly 
tire—and rightly so—of hearing promises 
which have so persistently been unfulfilled, 
and the capitalist at the present time con- 
sequently regards with great scepticism any 
new and genuine system or improvement 
which may be brought out by some workers 
or inventors of unknown дий repute, but 
who nevertheless possess great scientific 
attainments. 

Nothing succeeds like success is the old 
adage ; but how is success to be attained un- 
less facilities are granted by those who can 
afford them ? A very practical instance of 
the very apathetic attitude of certain classes 
of English shipowners is afforded by the 
following: About three years ago it was the 
writer's privilege to present a scheme to two 
or three companies owning large fleets of fish- 
ing vessels, for equipping some of their vessels 
with installations of wireless telegraphy 
apparatus. Among one of the advantages 
placed before them was the not inconsider. 
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able one of adjusting the arrival of the fleet 
in port when the market prices were high. To 
be brief, nothing came of the scheme, but it 
Is interesting to note that our neighbours the 
Germans have recently adopted practically 
the same idea, and a number of their North 
Sea fishing vessels are fitted with installations 
which appear to give every satisfaction, and 
answer the purpose for which they were 
required. 

In order to give the reader better informa- 
tion regarding the actual possibilities of 
radio-telegraphy, a few facts concerning the 
apparatus employed and its capabilities may 
be of interest. 

To commence with, the distance over 
which signals can be transmitted and 
received depends on several factors. The 
most important of these is the power used in 
the transmitter. The greater the power, the 
greater the distance. The distance, however, 
does not increase in direct ratio to the power 
employed. 

Modern vessels of even quite small 
tonnage have electric light installations on 
board, and where this is the case, the 
telegraphic power may be obtained directly 
from this source. The normal power 
allowed for vessels under the regulations 
laid down in the International Convention 
of Radio-telegraphy, is one kilowatt or 
roughly rlh.p. This power is sufficient to 
cover under all circumstances, with one 
exception, a distance of 200 miles. At 
times, this distance would be far exceeded, 
but we are not dealing with possibilities but 
actual facts. For distances less than the 
above, say тоо miles, 5Һ.р. is ample, and 
normally considerably less than this can be 
employed. These figures are, of course, 
applicable only to communications over sea 
and not over land. 

Other factors which determine the signal- 
ling distance are—atmospheric conditions, 
daylight effects, and the receiving appliances 
employed. Regarding atmospheric con- 
ditions the distance is immensely increased 
when a fog or sea mist is present—a fact, it 
should be noted, of a most advantageous 
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character. Wind and rain make little or no 
difference to the transmission, although the 
latter may sometimes reduce the range owing 
to want of care on the part of the operator 
using the apparatus in the supervision of the 
plant and maintaining the proper degree of 
insulation of the radiating wire, or antenna, 
as it is technically named. The influence 
of strong sunlight is to reduce the signalling 
distance, but this is to some extent nullitied 
by the increase due to darkness. The reader 
should bear in mind, however, that the 
above figures represent the minimum dis- 
tances under all these conditions. 

Coming now to the apparatus itself, this 
can be divided into two classes—that used 
for transmitting and that for receiving. 

In the present state of the art it is not 
possible to send and receive messages at the 
same moment. 

When the transmitter is in operation the 
receiver is temporarily disconnected and 
vice versa. 

Transmitters again can be divided into 
two classes—those which can inter-com- 
municate with all receiving apparatus 
adjusted to respond easily to them, and 
those which only affect instruments very 
delicately adjusted to them. 

The former are termed spark transmitters 
and the latter arc transmitters. 

For shipwork, the spark apparatus is 
undoubtedly the superior, both from a 
technical and practical standpoint, since it 
is obvious that inter-communication with 
all other stations is not only desirable but 
absolutely essential if the safety of the vessel 
is to be assured. 

Hence, since the object ot this article is 
to deal with radio-telegraphy on ships prin- 
cipally, only the spark form of transmitter 
will be discussed. 

This part of the installation is the most 
complicated ; that is, if any of it can be called 
complicated as compared with the other 
machinery now in use on modern ships. 
For small plants a battery of accumulators, 
consisting of eight to ten cells, charged from 
the electric light installation, and connected 
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to the sparking instrument, technically 
called an induction coil, cannot be much 
improved upon. By the use of accumu- 
lators, placed in a part of the ship which 
would be least likely to sustain damage 
either by collision or storm, there is always 
a store of energy available for signalling in 
the event of the machinery in the engine- 
room being disabled. The provision of 
such auxiliary source of energy should be 
insisted upon by owners contemplating the 
equipment of their vessels. 

For larger powers, from }$h.p. and up- 
wards, a small rotary-converter is employed. 

This machine is used in conjunction with 
a slightly different form of sparking instru- 
ment; in fact, the converter generates alter- 
nating current and supplies an ordinary 
high-tension step-up static transformer. 
This converter may be housed in any con- 
venient corner, either on deck or just below, 
and is normally driven by current from the 
lighting installation, or in the case of failure 
due to accident, by current from accumu- 
lators, or in other cases, and if preferred, by 
a small petrol or oil engine. 

There is another method of obtaining 
high-tension electric energy, which, although 
up to the present not in practical use, would 
appear to have advantages over existing 
methods so far as first cost and simplicity 
are concerned. It consists of forcing steam 
at a pressure of from 7510. to 10010. per square 
inch through specially constructed nozzles, 
the vapour subsequently passing through a 
well-insulated metal tank or box, in which a 
few metal points are inserted. 


Owing to the friction of the particles of - 


water through the nozzles, electricity is 
generated in considerable quantities and the 
tank or box becomes powerfully charged. 
This apparatus has been much improved 
recently, and the writer has witnessed 
pressures of 60,000 volts to 100,000 volts 
so generated and registered by a Kelvin 
electrostatic voltmeter. 

By the use of this apparatus all converters, 
transformers, &c., can be dispensed with and 
the enerzy taken direct to the aerial 


conductor or other capacity. There is 
also a further advantage with this form 
of generator, in that there is absolutely 
nothing to get out of order and any marine 
engineer can effect the occasional renewal 
of the special friction pieces of the nozzles. 

To return to the transmitters employed 
at the present time, the energy from the 
induction coil or high-tension transformer 
is led into a condenser. This condenser 
generally takes the form of a number of 
Leyden jars arranged in series or parallel 
according to the different systems. The 
use of this form of condenser is to be depre- 
cated for two reasons. The first is the 
rapid deterioration of the metal surfaces 
owing to the formation of nitric acid when 
they are in use ; and the second is the large 
amount of space which is occupied. "Very 
compact serviceable oil condensers can 
be now obtained, and give little or no 
trouble. 

It is the discharge of the condenser which 
gives rise to the Hertzian waves which are 
radiated into space from the aerial or 
antenna. The latter consists of from one to 
four or more conductors suspended from 
or between the masts of the vessel; these 
aerial conductors should be preferably of 
phosphor-bronze wires on account of its 
strength and durability. 

In order to set up the waves or oscillations 
which radiate from the antenna, and which, 
as said, are generated by the condenser 
discharge, either one or the other of two 
types of instruments are generally employed. 
One is called an oscillation transformer and 
the other a Helix. 

The Helix instrument is the more efficient, 
but the former offers certain advantages, 
especially when the primary power exceeds 
half a kilowatt. The Helix has the advantage 
of simplicity and immunity from breakdown, 
whilst the transformer is more costly to 
manufacture, more complicated, and 1s more 
liable to cause trouble through breakdown, 
although it should be mentioned that this 
latter is an extremely rare occurrence. 

A spark gap, preferably enclosed by some 
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well-insulating and non-hydroscopic material, 
is also an essential. 

The two diagrams, Figs. 1 and 2, show 
the complete transmitter connections of two 
plants, using apparatus as described. 

Diagram Fig. 1 shows the arrangement 
of apparatus suitable for working up to a 
minimum distance of тоо miles, whilst 
Fig. 2 represents a more powerful installation 
for working up to 200 miles. 

It may be of interest to give here a brief 
explanation of the generation of the oscilla- 
tions which can operate suitable receivers 
over such great distances. If the reader 
will consider the case of a simple pendulum 
capable of swinging to and fro, or, in other 
words, performing a series of oscillations, 
and will assume this pendulum to be held 
some distance from its vertical axis, and 
then suddenly released, it will be noticed 
(a) the pendulum oscillates and finally 
comes to rest, (4) it oscillates at a certain 
definite rate, (с) that the rate or frequency 
of oscillation is not affected by the amplitude 
of each swing. As is well known, the rate 


of oscillation is determined by the weight 
of the bob and the length of the pendulum 
or the distance from the pivot or point 
of suspension to the centre of the weight. 

To consider the electrical equivalent. 
The condenser corresponds to the weight, 
and the length of the wire between it and 
the spark gap to the distance. Owing 
to this gap, the induction coil or transformer 
is enabled to charge the condenser up to a 
certain point—determined by the distance 
separating the two electrodes—when sud- 
denly the strain becomes too great, and a 
spark is produced. Now, it is at this point 
that the oscillations are created, since the 
condenser in discharging does so in the 
same manner as the pendulum, viz., in an 
oscillatory manner. 

On all vessels other than those of the Navy, 
the size of the condenser and the length of 
wire in its circuit must be such that 
oscillations occur at a frequency of 1,000,000 
per second, at which frequency the antenna 
will radiate a wave of approximately 100oft. 
or 300 metres length. This is a standard 
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wave length for vessels, and they must be 
able to produce it. They may in addition be 
able to obtain any other wave length not 
exceeding 2000ft. or боо metres, but the 
300-metre standard must be adhered to, 
except in the cases of small vessels, when 
special waves may be allowed. 

The object of thus standardising wave- 
lengths is primarily to enable all vessels of 
any nationality and carrying such receiving 
apparatus capable of being operated by 
* spark " transmitters to readily inter com- 
municate. 

With regard to the receiving apparatus, 
there is little to be said. For practical radio- 
telegraphy, only those types of receivers 
which employ telephones worn by the 
operator are of any value. Of these there are 
several types available, but only two stand 
out well to the front of others. They are 
known as the electrolytic and the magnetic 
types respectively. 

The former is by far the more sensitive, 
and is very reliable in the hands of a careful 
operator; but the latter is absolutely “ fool 
proof.” А good up-to-date installation 
should include both types of these receivers. 

There are several recording receivers also 
on the market, but, although possessing 
certain advantages over the telephonic type, 
they are generally unreliable in their action, 
more or less complicated to adjust, and ex- 
pensive; moreover, the speed of signalling 


with them averages only about 12 words per 
minute, whereas with the telephonic type 
speeds of 25 to 30 per minute or even more 
can be obtained; in fact, with telephonic 
receivers the speed is limited only according 
to the ability of the operators. 

Radio-telegraphy plays a most important 
part in the working of His Majesty's Navy. 
Practically all men-of-war are fitted with 
apparatus designed in part by Mr. Marconi 
and by Capt. Jackson, R.N., the latter being 
one of the early experimenters. Constant 
communication is maintained throughout 
the different fleets, orders are given, and 
manœuvres executed бот instructions 
radiated from the flagship. 

The Admiralty building at Whitehall is 
equipped with a long-distance installation, 
and from its antenna messages from ships 
at sea are both sent and received. By this 
means the progress of manceuvres and latest 
information is obtained by headquarters. 
Some of the largest and more recent types 
of vessels have very powerful installations 
with a range of several hundred miles. 

It is sometimes argued that the compara- 
tively simple manner in which messages can 
be tapped would be disastrous during time 
of war, as the enemy would be able to 
receive signals intended for our own ships. 
This disadvantage is easily nullified when 
secret codes are used, and as a matter of 
fact it would be possible to cause con- 
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siderable confusion amongst the opposing 
fleet it information likely to lead them astray 
were transmitted. 

Dealingnow with the commercial side, most 
of the large liners have installations and are 
open for public correspondence, and tele- 
grams can be despatched to and from the 
coast or other vessels. 

When a ship station has traffic for shore 
the operator waits until the coast station 
required is nearest to the ship; he then 
signals the call of that place. On the reply 
being received the boat indicates the number 
of miles she is from the coast station, her 
bearing, course, speed, and the number of 
words to be transmitted ; this information is 
supplied so as to enable the shore, in cases 
where two or more vessels require to com- 
municate at the same time, to give preference 
to the boat whose position, &c., shows that 
she will be the first to pass out of range. 
After a telegram has been received by the 
coast station it is then retransmitted over the 
landlines to the office of destination. 

The rules for acceptance of radio telegrams 
are somewhat similar to those adopted by 
the British Post Office. The cost of the 
message is made up of the ship station charge, 
the coast station. charge, and the fee for 


transmission over the landlines. Money- 
order or reply-paid telegrams аге not 
allowed. 


Press messages containing the latest in- 
formation from the outside world are sent 
daily from certain shore stations and are read 
by ships within range, which in their turn re- 
transmit to other vessels in reach of their 
apparatus ; the news received is then printed 
in the form of a newspaper and sold on board. 

The operator requires to be a man with 
considerable technical knowledge as well as 
a skilled telegraphist; he cannot take charge 
of a ship station unless he holds the Post- 
master-General’s Certificate, which is granted 
when an examination in sending, receiving, 
and practical wireless telegraphy has been 
passed. 

The rules for working were framed at 
the Berlin Conference of the International 
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Radio Telegraph Convention, for the purpose 
of arranging regulations, &c., whereby it is 
possible for ships of all nations to inter- 
communicate. 

Before a ship registered in the United 
Kingdom can be installed with apparatus 
a licence must first be obtained from the 
Postmaster-General, and certain restrictions, 
are laid down as to power, wave length, «сс. 
These stations must be opened from time to 
time to inspection by Government officials. 
Vessels fitted are compelled to interchange 
telegrams with all coast stations, but are not 
bound to communicate with other ships 
except in cases of distress, when such 
distress signals take priority over all others. 
Next in importance to these come Admiralty 
messages. Coast and ship stations аге 
required to suspend all other communication 
when requested to do so by the naval 
authorities. 

An official list giving all information as to 
call signal, wave lengths, system used, normal 
range, hours of service, &c., is published by 
the International Telegraph Bureau at Berne, 
and all stations are required to possess a copy. 

The Postmaster-General has power to 
cancel the iicence of any British ship failing 
to comply with the regulations laid down, or 
in the case of a foreign ship to authorise 
coast stations in the United Kingdom to 
refuse communication. 

Some description of the action and con- 
struction of both the electrolytic and mag- 
netic receivers may be of interest. The 
construction of the former is as follows: A 
fine glass tube about 2cm. in length and 
rmm. bore has one of its ends drawn out to 
a point. Sealed in this point, and securely 
fastened to a thicker wire inside the tube 
is a fine platinum wire .o2mm. diameter. 

The outside projecting portion of this wire 
after the glass has been sealed upon it is 
subsequently broken off, leaving only the 
cross-section exposed. The thicker wire 
inside the tube is attached to a stout silver 
plug, which slides easily through a brass 
collar which in turn forms a convenient 
support for holding the point in position. 
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Other parts of the instrument include 
a delicate potentiometer, three small dry 
batteries, a pair of delicate telephones, and 
а small cup containing a solution of caustic 
potash or dilute sulphuric acid. 

The sensitiveness of the receiver depends 
to a very great extent on the telephone 
resistance, which should be as high as 
possible, generally of the order of 5000 
to 6000 ohms the pair. 

The point dips into the solution contained 
in the cup, and is polarised by the dry battery, 
a film of oxygen gas being produced on the 
fine platinum wire exposed. 

On the arrival of the oscillation energy 
produced by a spark transmitter, the film of 
gas is heated and the resistance is reduced ; 
more current therefore can flow through 
the telephone, and a click or buzz is pro- 
duced. The connections of this receiver 
are shown in Fig. 3. 

The usual form of magnetic detector con- 
sists of an endless rope of silk-covered iron 
wire which passes round two pulleys about 
four inches in diameter, and kept in con- 
tinuous motion by clockwork. ‘This rope 
passes through a small glass tube upon 
which are wound a few turns in one layer of 
fine silk-covered copper wire. Over this 
and on a small bobbin is a second winding 
of much finer wire, this being connected to 
the telephones. 

Two horse-shoe magnets with their like 
poles adjacent and opposite the secondary 
bobbin complete the instrument. The 
action is very simple, being due to the fact 
that high-frequency oscillations tend to 
reduce the “hysteresis " of iron, consequently 
since the magnetic field is normally constant 
about the secondary winding, any oscillations 
in the primary cause a change in this state 
and secondary momentary currents are 
induced which in turn actuate the telephones. 

There is another very practical type of 
magnetic detector, which has been recently 
devised and promises to far exceed in 
sensitiveness the moving rope kind, but as 
it is not yet commercially launched, the 
writer prefers to reserve further details for 
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It can be mentioned, how- 
ever, that the instrument has proved itself 
very applicable to wireless telephony. 

In practice it is found necessary that all 
vessels should be provided with a suitable 


the moment. 


receiving tuning device. Just as it 15 
possible to adjust the transmitter to radiate 
a wave of predetermined length, so is it 
possible to make the receiver respond to 
any given wave, and that wave only, within 
certain limits. | 

Of tuning devices there are а great 
number. They consist essentially of adjust- 
able inductances and condensers, arranged: 
in various ways 

Perhaps the best at the present time Is. 
the latest Marconi device, which 1s the out- 
come of many years’ study and experience. 
Гір. 4 shows a magnetic detector coupled 
to such a tuner, and it may be mentioned 
that very accurate results can be obtained 
with it. The advantage of having such a 
device is obvious, since once communication 
is established with a station, a rapid adjust- 
ment of the tuner brings the signals in much 
louder ; at the same time any other stations 
in close proximity, working on a wave length 
differing only by perhaps rooft. or 2ooft. 
from the transmitting station’s wave, can be 
readily cut out. 

Of other similar apparatus, mention can be 
made of the De Forest three-coil tuner and 
the variometer. ‘This latter device is really 
one of the best types, since all sliding 
contacts are dispensed with. А simple 
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movement of two superimposed windings in 
respect to their inductive relation to each 
other is all that is required to attune the 
receiver to the transmitter. The correct 
position is found to the minutest fraction of 
a degree in a few seconds. Furthermore, 
cheapness 1s another important factor in its 
favour. 

There is one other piece of apparatus 
which it has been made compulsory to have 
on board, and that is a wave-meter or 
measurer. ‘These instruments are of various 
types, but can be made up in a very portable 
form. Ав their name suggests, they are 
used to measure accurately the wave length 
transmitted and at times received. 

Having thus mentioned and described all 
the principal apparatus necessary for a com- 
plete installation for a vessel, it now remains 
to summarise a few general points both as 
regards telegraphic working, initial and 
maintenance costs, с. 

It was stated in an earlier part of this 
article that certain distances could be covered 
subject to one exception. That exception is 
when communication is desired during severe 
atmospheric disturbances, such as thunder- 
storms. Just as these storms play havoc 
with ordinary telegraph and telephone lines, 
rendering not only the circuits unworkable, 
but at times dangerous to the operators, so 
do such storms render radio-telegraphic 
apparatus useless for the time being. It 


205 


should, however, be noted that the antenna 
forms a very efficient protection to other 
parts of the vessel when lightning is pre- 
sent, provided it is well earthed on the ship's 
hull, and since it is always arranged so as to 
be out of reach of passengers, no personal 
harm from this source has ever been known 
to occur. 

A question the writer has had asked him 
several times is, * Does the apparatus affect 
the compasses at all?" The reply is in the 
nezative, provided the transmitting apparatus 
is placed about toft. or 2oft. from the instru- 
ments in question. 

It is hardly within the scope of this article 
to deal with such questions as those of 
costs, since so many factors have to be taken 
into consideration, but a few approximate 
figures may be useful as a guide to those 
unacquainted with this class of apparatus. 

A complete installation capable of working 
over a distance of one hundred miles or 
more should not exceed £70 to £,80, and 
for a greater distance, say up to 200 miles, 
from £120 to £130. In addition to this 
there is the cost of installation, depending 
on the part of the world in which the vessel 
is situated. The depreciation on the plant 
is quite small, the chief item being the out- 
side gear, including the antenna, insu- 
lators, ropes, &c., which must be renewed 
from time to time, say once a year. l'ive to 
six pounds should cover everything for the 
short-distance plant, and from £10-£15 on 
the other. Next comes the vexed question 
of the operator. That the apparatus requires 
to be handled with care and intelligence is 
undeniable ; furthermore the operator must 
be able to send and receive messages by the 
Morse code at an average speed of twenty 
words per minute; but these facts do not 
necessitate the employment of a special man 
solely for the purpose of telegraphing. 1 is 
quite possible for a member of a crew to be 
trained in two or three months and obtain 
the Government certificate, and the signalling 
could be made one of his duties at a com- 
paratively slight increase of salary. 

Before concluding this article a few words 
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on the advent of commercial wireless tele- 
phony may be given. That this form of 
communication will eventually solve the 
qualified operator difficulty is unquestion- 
able, but up to the present no great ad- 
vancements have been made from a practical 
point of view. Experienced engineers have 
been able to hold telephonic communication 
over distances varying from 50 miles to 300 
miles, but unreliability renders the com- 
mercial adoption of the system impossible. 

That radio-telephony will shortly be 
within practical politics the writer is con- 
fident, since the production of the necessary 
oscillation energy is being accomplished by 
means of special dynamos or alternators, 
which are capable of giving frequencies of 
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240,000 per second. It is only owing to 
small mechanical difticulties which present 
themselves that these generators are not yet 
on the market, but that these difficulties 
will be overcome in the near future is 
unquestionable. Radio-telephony will then 
be as simple as ordinary telephony is at the 
present time. 

In conclusion, it is hoped that con- 
siderable encouragement will be extended 
by ship-owners to this branch of electrical 
science which can serve them so well and 
which has already shown itself worthy to be 
classed among the great discoveries of the 
nineteenth century. 


MAURICE CHILDS. 


MODERN PLANT AS APPLIED TO 
SHIPBUILDING. 


PP 


HE title may possibly suggest to some 
that this article will cover every 
description of power plant that may 

be used in shipbuilding works, but this is not 
the case, as the writer will only deal with 
electricity as being essentially the modern 
motive power, and the application of the 
electric motor to the various machine tools 
commonly used in shipyard practice. Recent 
years have seen great improvements effected 
in electrical plant, in the direction which 
makes for reliability and money-saving in the 
heavier industrial works, and in particular 
the perfecting of the alternating-current motor 
has solved many difficulties encountered in 
the earlier days of electrical power-driven 
works. When the alternating current was 
first introduced it was on the single-phase 
system, and did not prove successful for 
power purposes. Even when three-phase 
currents were available there were many 
prejudices to overcome before the alternating 
current on any system found any great 
following among shipbuilders. Now that it 
has been proved to be an efficient and 
economical method, a great number of works 
have introduced that type of electrical plant 
for their motive power and found it to be 
all that could be desired. 

Electrical power systems by direct current 
and by three-phase alternating current have 
each their respective merits, and which is the 
better method can only be ascertained for 
each case after carefully considering the local 
conditions. 

By using the direct-current methodagreater 
speed variation on the motors can be 
obtained, but with the alternating-current 
motor any commutation troubles are elimi- 
nated. In ship-building and engineering 


works there are few machine tools which 
require speed variation, and as alternating- 
current motors are cheaper and their con- 
struction is of the simplest, the writer would 
advise the use of same in practically all such 
works. "There are two chief types of alter- 
nating-current motors—the short-circuited 
rotor or ‘‘squirrel-cage” type, and the slip-ring 
type. Polyphase motors require no com- 
mutators, and if no starting resistance be 
used with the rotor circuit no slip-rings are 
required. 

“ Squirrel-cage" motors have sufficient 
starting torque to enable them to start up 
under fairly heavy loads and have a very 
high efficiency. For speed variation and for 
starting with great torque, the slip-ring type 
15 used. Adjustable resistances are inserted 
in the rotor circuit by means of the slip-rings ; 
in this way the motor speed may be regulated 
between wide limits when running, and 
starting up on heavy load is ensured. Тһе 
speed of polyphase motors decreases as the 
load increases and acts somewhat similarly 
to the slip of a belt on a pulley. 

With these short remarks on the alter- 
nating-current polyphase motors, we will now 
deal with the economical points which prompt 
the adoption of such a plant for shipbuilding 
works as compared with the old style of steam 
engine power. In an electrically equipped 
works there are none of the long lengths of 
steam piping connecting the main engines 
and the various auxiliaries, as in the old- 
fashioned way, and here we see at a glance 
that there is room for a large saving in fuel 
consumption owing to the elimination of 
the great condensation that takes place in 
the piping, the loss of steam through leaky 
joints, and also the risk of breakdown due to 
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FIG, 1. 
ELECTRIC MOTOR. 
water lying in the pipes, &c. By using elec- 
tric power we have the disappearance of 
“ no-load losses,” forin a steam-driven works a 
full pressure of steam has always to be kept 
at the stop valves of the various engines even 
although no work is being done, whilst with 
electric motor driving neither the motors nor 
the transmission wires consume any current 
when the motor is at rest. 
Another point which is of very con- 
siderable importance, and often overlooked 


(Shipbuilding Plant.) 


[4 . 


THE ADAPTATION OF A STEAM-DRIVEN PUNCH FOR BELT-DRIVE BY 


m. 
ngo 
%% 


208 


іп the calculation of 
economy, is the power 
taken to drivethe long 
lengths of main shaft- 
ing. This very often 
approaches the large 
figure of 70 per cent. 
of the total engine 
power, and never less 
than ro per cent. un- 
less іп very small 
plants. Ву substitut- 
ing electric motors, 
either driving short 
lengths of  shafting 
which in turn drive 
the counter-shafting of 
various machine tools 
in a group, or motors 
which are geared 
direct to the machine 
tools, there is a great 
saving effected in the 
power consumed; in 
fact, the total horse- 
power requiredto drive 
works electrically in 
this way would be re- 
duced in proportion to 
the length of main 
shafting displaced. 

Still another point : 
if any particular ma- 
chine has to be worked 
in Overtime, with the 
main shaft drive often 
the whole length of 
shafting has to be run, 
while with the electrical drive only the group 
the particular machine tool is in is started 
up, or if it is an individually driven tool that 
machine only is run, thus saving not only 
power but the ordinary wear-and-tear of the 
shafting and belts. 

The two factors in machine driving by 
electric motors which decide the type of 
motors to be used are torque and speed, 
and these resolve themselves into 
following combinations :— 
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Constant torque and constant speed, 
which are met with in pumps, &c. Con- 


stant torque and variable speed, in the case 
of hoisting machines. Variable torque and 
constant speed in most of the other machines 
and tools. Variable torque and variable 
speed in traction machinery. In the trans- 
mission of electric power there arc the two 
distinct methods of driving, as already men- 
tioned, viz., (1) Group driving and (2) Indivi- 
dually driven machines. In group driving the 
machine tools to be driven are divided into 
convenient groups, each group being driven 
as a unit by an electric motor driving a short 
length of shafting from which the several 
machines are driven by belting. As a general 
rule it is better to group small machine tools 
into units and to drive each of the larger 
tools sepaiately with an independent motor. 
In separate driving each machine tool is 
driven by its own motor, and if it were not 
that the first cost would be large, it would 
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be the most efficient system of power trans- 
mission to drive every machine tool in this 
way. f 


Punches and Shears. 


In the electric driving of machine tools, 
such as punching and shearing machines, 
there have been difficulties to overcome 
mainly owing to the nature of their load and 
the necessity for having clear working space all 
roundthe machine. ‘Ihe effects of the sudden 
shocks of the load have been very nearly 
eliminated by the use of heavy flywheels 
which are capable of storing the energy to 
overcome the widely varying load demands ; 
also, if the machine is driven through belting, 
the motor being placed on top of the 
machine, the slip of the belt when the load 
comes on always helps the motor. These 
machines can be driven in the group system 
or by separate motors, and are either driven 
through belting or gearing. Fig. 1 gives an 


ELECTRIC PUNCHING MACHINE WITH SPUR-GEAR DRIVE. 
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excellent illustration of a belt-driven punch- 
ing and shearing machine, which was altered 
for the electric drive from its original steam 
drive. A structure of girders has been built 
on to the frame of the machine to carry the 
sole plate for the motor. Fig. 2 gives 
another illustration of a similar machine with 
the motor fitted to a plate which is fixed to 
the side of the frame of the tool. The 
motor in this case drives through spur 
gearing, having a speed ratio of 6 to r. 
This gives an excellent drive, and with three- 
phase alternating current one need never 
have fear of a breakdown, for, as already 
explained, the motor has in itself the property 
of “electric slip” and yields when an extra 
heavy load comes on to the machine. 

When two or three punching and shearing 
machines are grouped together in a shed 
they can be driven by the group system, a 
small length of shafting driving the required 
number of tools. They do not need any 
counter shafting, being driven direct from 
the common main shaft. 'This does not give 
such an economical drive as the direct-driven 
tool, but it is a consideration when taking 
capital outlay into account, and where one 
is adapting an old yard for the electric 
drive. 

There have been many differences of 
opinion over the horse-power required to 
drive such machines as punching and shearing 
tools, some people installing as high a power 
as a 20h.p. motor and even above that 
for driving machines suitable for punching 
holes of тіп. diameter in ірп. plates; but 
it is not, in the writer's opinion, economical 
nor necessaryto instal so higha power. "These 
machines come under the conditions of the 
variable torque and constant speed, and as 
all motors as rated by the leading makers are 
equal to taking an overload of atleast 25 per 
cent. for one hour, it is as well to take ad. 
vantage of the fact and use as the most 
economical size a motor of about r2h.p. 
The punch and also the shear only demand 
a momentary full load of the motor, and 
even then the motor is helped greatly by the 
fly wheel effect. 


Countersinking Machines. 

Coming to countersinking machines, 
Fig. 3 gives an excellent illustration of the 
adaptability of the electric motor to machine 
tools. Here we have the motor fitted to 
the jib or arm of the countersinking machine 
and driving the tool through spur-gearing. 
The motor, as will be seen, is in such a 
position that it does not interfere with the 
swinging motion of the arm. 

Another arrangement of an electric motor 
driving a countersinking machine is given in 
Fig. 4. In this case the motor is fixed on a 
wall bracket above the machine tool, and also 
drives through gearing. The full travel of 
the swinging arm takes place, the motor not 
interfering in any way with the motion of 
same. 

For machines capable of countersink- 
ing holes up to r]in. diameter, the most 
economical horse-power to install is sh.p., 
and motors of this output will be found to 
meet all requirements for such a machine. 
The action of this machine comes under the 
power conditions of constant speed and 
variable torque, the full power of the 
machine being utilised when countersinking 
Is being performed. "These machines are 
sometimes belt-driven, and this makes a 
most satisfactory drive. Where belt-driving 
is resorted to, the electric motor may either 
be placed on a wall bracket driving on to 
the pulley of the machine, or it may be fixed 
to the ground, driving in a similar manner ; 
for the more satisfactory of these drives one 
has to consider the local conditions in each 
case. 


Bending and Straightening Rolls. 


Straightening rolls are one of the heaviest 
machine tools to be driven in the ship- 
yard, and taking everything into consider- 
ation, the writer is of opinion that the 
most satisfactory drive for this machine is 
through belting. This is so, for the chief 
reason that in the working of this machine 
the point at which the heaviest stress 
acts is at the reversal and, as this is 
a sudden performance, with gearing a 
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BENDING ROLLS DRIVEN THROUGH SPUR-GEARING BY ELECTRIC MOTOR AND FITTED WITH AUTOMATIC 


ELECTRIC BRAKE ATTACHMENT. 


very heavy strain on the motor is in- 
evitable; with a belt drive, however, 
this sudden load is practically eased or 
taken off the motor by the momentary slip- 
ping of the belt. 
when an electric motor is driving such a 
machine through gearing to use an auto- 
matic magnetic brake, which, when the 
machine is reversed, automatically applies a 
brake to the motor and so stops it for the 
moment until the reversing action is com- 
pleted. Fig. 5 shows such a machine driven 
through gearing and fitted with a magnetic 
brake action, while Fig. 6 illustrates a belt- 
driven machine. It will be noticed that in 
the latter case a structure of columns and 
girders was built, the motor being fitted to 
a sole plate fixed on the top of these girders. 
This method gives a clear ground space 
around the machine, which, in the majority 
of yards, is of the greatest importance. To 
drive bending and straightening rolls, the 
power required for say 7ft. rolls capable of 


It is, of course, usual 


dealing with jin. thick plates would be about 
20h. p., while rolls of 3oft. taking r]in. plates 
and driven through gearing require to be fitted 
with motors of 35h.p. "The author knows of 
at least one case where a set of 3oft. rolls 
capable of dealing with 1łin. plates is being 
driven satisfactorily through belting by a 
гоһ.р. motor. ‘There is по doubt that when 
the reversing action takes place there is a 
most excessive overload on the motor, but 
as this machine is driven through belting the 
slipping of the belt relieves the motor from 
the full strain. 


Plate-edge Planers. 

Another machine tool with similar action 
to the foregoing is the plate-edging machine. 
In the older type of machine—that is, those 
having only the one cutting direction—the 
reversal of the machine occurs at light load, 
but whilst the up-to date tool cuts both ways, 
this really does not make any difference to 
the reversal, as at this point the only 
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load on the motor is the driving of 
the machine tool, the actual cutting having 
ceased for the moment at the end of the 
stroke. 

Plate-edge planers are always belt-driven 
and the power required for them is about 
15h.p., which is capable of driving the 
largest size of machine tool of this type 
engaged in the planing of high-tension steel 
plates jin. thick with a tool speed of 17ft. 
per minute and a cut of 4'sth of an inch. 
An illustration of a typical machine of this 
type arranged for the electric drive is given 
in Fig. 9. 

The smaller shipyard machine tools, 
such as bar straightening and frame-bending 
machines, are driven in a similar manner, 
the motor, as will be seen from the foregoing 
details and illustrations, being capable of 
adapting itself to all conditions. 


Manhole Punch. 


There is one machine tool, however, viz., the 
horizontal plate-hole cutting machine for cut- 
ting manholes, which, in the writer’s opinion, 


Ail 


A 


----- -- 


Fic. 6. 


ШІ) | 

"I | 

ШУ JH 
= A i ` 


is most satisfactory when in the form of a 
hydraulic punch. Fig. 8 shows a machine 
for this service actuated by a roh.p. electric 
motor driving through a Renold’s chain and 
capable of cutting holes up to 3oin. at a 
tool speed of 16ft. per minute. 

Hydraulic Pumps and Compressors. 

In shipyards there are many hydraulic and 
pneumatic tools which at present cannot very 
well be replaced by any other power, but the 
driving of the hydraulic pumps and the 
air compressors can undoubtedly be best 
arranged and most efficiently undertaken by 
electric power. Hydraulic pumps may be 
either driven through gearing or by belting to 
the electric motor ; it would appear that the 
belt-drive is rather to be preferred. The 
use of gearing means that, if the motor is not 
stopped when the accumulator is charged, the 
motor and pump have to be continually 
working, and the pump, instead of charging 
the accumulator, simply circulates the water 
in the tank. The accumulator, having risen 
to its height, opens a bye-pass whereby the 
water is circulated. 


BELT-DRIVEN BENDING ROLLS SHOWING ARRANGEMENT OF ELECTRIC MOTOR ATTACHMENT. 
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In a belt-driven machine, when the ac- 
cumulator has risen to its height, the 
bye-pass opens to a cylinder fixed on the 
pump, and this, acting on the belt-striking 
gear, shifts the belt to the loose pulley. In 
this arrangement, there is a great saving in 
the wear and tear of the pump. No doubt 
it could be arranged that when the accumu- 
lator rises it could act in a somewhat similar 
manner on the motor-starting switch, but 
this is not altogether a simple problem to 
take up, and very special arrangements 
would have to be dévised to ensure the 
gradual re-starting of the inotor as required. 
Fig. 9 shows a set of hydraulic pumps 
driven by electric motors through gearing. 

Air compressors may be driven and con- 
trolled in a similar manner to hydraulic 
pumps; whenever the receiver is at. full 
pressure, the compressor, if it be belt-driven 
by motor, can either be stopped by the 
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automatic arrangement of belt striking gear 
already mentioned, or the escape valve on 
the receiver may be allowed to blow. 


Traction and Cranes. 


We now come to the traction and crane 
gear of shipyards. "There are many winches 
about shipyards, of which quite a number 
are still of the old type, most of them 
steam-driven and fed by donkey boilers, 
which consume great quantities of fuei. In 
an electrically-fitted shipyard these аге 
without exception superseded by the electric 
motor winch, which is obviously far superior 
and which over and over again has proved 
itself unique in this service by reason of its 
economy and generally satisfactory working. 

There is coming into use the electric 
trolley hoist, which is in some cases taking 
the place of the winch in yards where 
overhead cranes are not fitted, and there 
is no doubt that it makes for a greater 
rate of output of work and the minimum 
handling of material. А usual arrangement 
of these trolley hoists employs a long 
girder running down the centre of the 
building slip, supported from either side by 
cross girders carried on columns ; the trolley 
and cab run on the centre girder, the whole 
operations of hoisting and travelling being 
effected by electric motors controlled from 
the cab. The wire carrying the current is 
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run along the girder on insulators, and the 
contact is by trolley pole of the tramway 
type. These hoists are usually capable 
of lifting up to five tons. 

There is no doubt that in shipyards, where 
the handling of. material is a considerable 


item of expense, the transporter, once 


installed, will show a considerable saving in 
manual labour, and also in work done, and 
when fitted near to the discharging siding, a 
decided improvement in coping with angle 
bars, plates, and other material will be 
found. 


Overhead travelling cranes fitted over 
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building slips in the larger yards аге of 
great service, and not only over the slips, but 
in the machine shops of yards where the 
transporting of plates, &c., from end to end 
of the building takes place. "These overhead 
travellers are usually fitted with three motors, 
each motion having hoisting, travelling and 
transverse motors respectively. The con- 
trollers are usually of the tramway type and 
all operations are worked from the cab of 
the crane. If desired they may be worked 
from the ground by a slight alteration in the 
type of controller. They are made up to 
various sizes and the power required for 
same is in proportion to the weight lifted. 
One of the most perfect installations of this 
kind consists of an overhead travelling 
crane fitted over a building slip in one 
of the largest yards. Below the travelling 
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crane are four small walking cranes capable 
of lifting up to five tons; these run between 
the girder carrying the rail of the overhead 
travelling crane and another girder fitted 
to the structure. These auxiliary cranes 
are found most useful for putting the shell 
plates in place, and can be used while the 
overhead traveller is otherwise engaged. 
They are fitted with three motors—one 
for longitudinal travel, another for the 
hoisting motion, and the third for slewing, 
all operations being controlled from the crane. 

The illustrations accompanying this article 
are of plants running in some of the largest 
shipyards of this country; they are all 
examples of work done by the General 
Electric Co., Ltd., to whom the author is 
indebted for the photographs used. 

J. D. SHEARER. 


THE SHIPYARDS ОҒ PALMERS’ 
SHIPBUILDING AND IRON COMPANY, LTD. 


OD ` 


YNESIDE and the Palmers’ works are 
so closely identified that they 
must be regarded as inseparable. 

On the one hand Messrs. Palmers’ Ship- 
building and Iron Company, Ltd., believe 
in making everything possible on Tyneside— 
they bring to Jarrow from Yorkshire, Spain, 
and Africa the iron ore and refine it them- 
selves ; they make their own steel, their own 
boilers, plates, engines, fittings, cabinet-work, 
and practically everything that goes to form a 
complete ship. On the other hand Tyneside 
is proud of Palmers’. Jarrow is Palmers’ 
town ; its first Mayor was the late Sir Charles 
Mark Palmer, Bart, M.P., who was the 
founder of the company and its chairman 
until he retired in 1893. Sir Charles was a 
Tyneside man by birth, he being born at 
South Shields in 1822; in 1851 he com- 
тепсей shipbuilding together with his 
brother George under the title of Palmer 
Bros. X Co. After the retirement of his 
brother, the company was in 1805 formed 
into a limited liability company. In less than 
sixty years an unimportant colliery village 
has sprung into a closely packed industrial 
town boasting a hospital, theatre, technical 
schools and other institutions. The present 
works cover an area of about one hundred 
acres and have a river frontage of nearly three- 
quarters of a mile. They are connected by 
private line to the North Eastern Railway 
and with various collieries, and in the works 
themselves there are about eight miles of 
railway. From these works, on June 5, 1852, 
the first iron-built screw collier, the /о/л 
Bowes, having a carrying capacity of about 
650 tons, and capable of steaming at nine 
miles per hour, was launched. And this 
boat was the precursor of the large fleet 
of iron and steel ships which has since 


rendered Messrs. Palmers famous in the 
world. Fig. І gives some idea of the 
shipyard's present size and operations. 


Potver Generating .$ystem. 


The electrical equipment of these works 
commenced over seven years ago to replace 
a great number of scattered steam engines 
and banks of boilers, when a Clarke-Chap- 
man dynamo of the bi-polar type magnet 
construction was installed driven by a 
Sisson engine. Тһе set was capable of 
giving 3coamp. at rro volts, when running 
at 49or.p.m. "This was used for the electri- 
cal lighting requirements about the offices 
and yards. It,soon became apparent, how- 
ever, that it had to be used for power pur- 
poses, and for this reason a completely con- 
tained power station was erected, which 
equals in size many of the installations which 
are serving our smaller municipalities—two 
large sets, consisting of triple-expansion 
marine-type engines of about roooh.p. each, 
running at 164r.p.m, drive 75okw. three- 
phase generators made by the Westinghouse 
Electric Company, of Pittsburg, U.S.A. (Fig. 
2) These machines develop 984amp. per 
phase at a frequency of 30 periods per 
second, the voltage of the three-phase power 
supply throughout the works being 440 volts 
between phases. The armature is rotary, 
the field being of the projecting pole type, 
having 22 pole pieces, built up of soft-steel 
stampings, and to give uniformity in turning 
movement a 22-ton flywheel, rift. in 
diameter, is carried between the engine and 
the alternator by means of a flexible coupling. 
The fields of these generators are excited by 
means of current received from either of the 
two 6-pole Westinghouse generators of 
25kw. capacity, giving 100amp. each at 250 
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volts. These are direct-coupled to ver- 
tical enclosed automatically - lubricated 
engines made by the Pittsburg firm, having 
cylinders 8in. and 13in. diameter by 8in. 
stroke, and running at 375r.p.m. ‘These 
engines are interesting from the point of view 
of belonging to the pioneer period of enclosed 
high-speed engine building. The cylinders 
are single-acting and one steam valve works 
horizontally across the upper ends of the 
two cylinders. 

As the lighting of the yards is laid out on 
the continuous-current system, it is necessary 
to feed from the generating plant by means 
of motor generators. In the power house 
are installed three motor generators, Fig. 8, 
made by the Lancashire Dynamo and Motor 
Company, Ltd. The three-phase motor 1s 


GENERAL VIEW OF PALMERS' SHIPYARD. 


of soh.p. capacity, running at Због.р.т., and 
drives a generator giving 240amp. at 110 
volts. ‘The power house also contains two 
Alley & MacLellan engines driving the air 
compressors used on the pneumatic system 
throughout the yard. The steam require- 
ments of the power house, both for the 
electric and pneumatic systems, are furnished 
by a battery of four Lancashire hand-fired 
boilers giving steam at a pressure of 15olb. 
per square inch. The feed pumps are 
Woodeson's patent vertical high-pressure 
steam-driven pumps, made by Messrs. Clarke, 
Chapman & Co., Ltd. 

The main switchboard of the power house, 
Fig. 3, contains five marble panels, one 
being an exciter panel with the necessary 
switching arrangements for two exciters, 
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together with two main generator panels for 
the main sets, and panels for dealing with 
the power circuits for the shipyard and the 
engine works, which have been recently 
equipped to manufacture marine-type engines 
and also turbines under the Parsons patents. 
Paralleling arrangements for the two alter- 
nators are provided. On the top of the 
board, which is placed against the end wall 
of the building, is the main fuse board for 
the power supply, containing twelve fuse 
blocks in four sets, placed in the main 
generator and feeder circuits. Incidentally 
it may be mentioned that the whole of the 
power system is adequately protected by 
fuses. ‘The two large main circuits pass from 
the main board just described to main 
distribution boards protected by fuses in a 
similar manner, at which points the main 
circuits are split up into distribution board 
circuits. Finally, the distributing circuits 
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are led to the motors. Ву this means faults 
on the circuits can be instantly located, and 
any trouble can be isolated without interrup- 
tion to the main supply. Two small circuits 
are also run from this switchboard —one to 
the condensing water circulating pumps for 
the power house, fceding two direct-coupled 
centrifugal pumps driven by 4oh.p. motors. 
These have a maximum lift of 15ft. at low 
water, and a head of 1oft. ‘The other circuit 
passes to an auxiliary distributing board in 
the power house for motor circuits. 

The direct-current main switchboard 
contains three generator control panels 
furnished with I. T. E. circuit-breakers having 
magnetic blow-outs, Ward-Leonard con- 
trollers, and Vulcan meters. Provision 15 
also made to distribute the lighting to the 
general offices, the power station itself, and 
the docks. Asan схатр!е of the distribu- 
tion boards placed at convenient positions 
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FIG. 3. 


throughout the yards, may be detailed 
the auxiliary switchboard above mentioned, 
installed in the power house for controlling 
five winch and other power circuits in the 
immediate vicinity. One circuit is for two 
Soh.p. dry-dock centrifugal pump motors, 
another for a 2oh.p. winch for lifting stern 
posts, and another for a portable stern tube 
boring gear. Ona slate base, protected by 
glass covers, are mounted for each circuit 
three-knife switches of the quick-break type, 
mechanically interconnected by wooden rods 
so that each phase of the circuit can be 
opened simultaneously. The assembling of 
the parts and the erection of the board were 
undertaken by Messrs. Palmers’ own elec- 
trical department, which undertakes the 
electrical equipment of many of the ships 
built in these yards, together with the 
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maintenance of the 
plant and the bulk 
of the electrical con- 
struction required in 
the yards. 

Some three years 
ago it was found 
necessary—in view of 
the growing require- 
ments of the yard, 
to provide additional 
electrical power. The 
ground space of the 
original power house 
was already fully 
occupied, and as the 
principal new require- 
ments were centred 
in the reorganised 
joiners’ shop at the 
eastern end of the 
yard, an auxiliary 
power house was 
erected adjacent to 
these shops and at 
the side of Messrs. 
Palmers'slipway. The 
object of thisauxiliary 
equipment is to pro- 
vide power on peak 
loads, and to run the might load of the 
station. The erection of a second over- 
head cableway provided an additional reason 
for the building of this station. Тһе plant 
installed consists of а 3ookw. three-phase 
generator built by the Lancashire Dynamo 
and Motor Company, Ltd., of the type 
shown in Fig. 4, having an output of 
дооатр. per phase at a voltage of 440 
between phases and a frequency of 3o 
per second. It has a twelve-pole rotary 
field, formed of cast-steel poles, the tips of 
which are so formed as to give a near 
approach to a sine wave form, mounted on 
a caststeel flywheel. The armature wind- 
ings are embedded in partially-closed slots 
with protecting mica troughs. The machine, 
which carries 5o per cent. overload for one 
quarter of an hour and 20 per cent. for 
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two hours, is direct-driven by means ot an 
Alley апа MacLellan triple-expansion en- 
closed-type engine with forced lubrication, 
running at 3oor.p.m., giving 450b.h.p., with 
a steam pressure of 20oolb. per square inch. 
The cylinders are 13in., 20іп., and 3rin. 
respectively, and the stroke is 13in. ‘The 
valves are of the balanced piston type ; 
the governing is effected by a throttle valve 
governor built on the crankshaft and directly 
controlling a balanced equilibrium valve ; oil 
under pressure is supplied to all bearings 
and working parts at a pressure of rolb. to 
15lb. per square inch by a valveless oil 
pump. The exciter for the set, made by 
the above-mentioned firm, has its armature 
mounted on an extension of the main shaft, 
and gives 15amp. at 250 volts. 


PARTS OF THE THREE PHASE GENERATOR IN THE AUXILIARY Power House. 


In order to provide steam for the set, 
a Babcock & Wilcox boiler, working at 
1901. pressure, and having a mechanical 
stoker made by Thos. Henderson, of 
Liverpool, is supplied. It is capable of 
burning not only coal, but all the refuse 
from the joiners’ shop, effecting consider- 
able working economy. The general arrange- 
ment of this stoker will be understood from 
the attached diagram, Fig. 5, showing its 
application to a Lancashire type boiler. 
The fuel, after passing through a receiver, is 
carried towards each furnace by helical rams 
driven by a simple arrangement of gear, and 
deposited upon revolving impellers, by which 
it is distributed over the furnace grates. 
The impellers are in constant motion, and a 
very reguiar distribution of the sawdust and 
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chippings upon the fire is obtained. Regu- 
lation of quantity is easily made, and as 
there is no necessity to open the firebox 
doors rushes of cold air to the furnace are 
avoided. A Green's economiser utilises the 
waste furnace heat to warm the feed-water, 
a steel chimney, erected by Messrs. Palmers, 
providing natural draught. Motor drive is 
adopted, both to drive the stoker gear—a 
4h.p. three-phase motor being used ——and 
also for the economiser scraper gear. The 
latter motor, with its fuses, is in the open 
air, being only protected from the weather by 
a sheet-iron case, and its continuous per- 
formance on intermittent work in a shipyard 
atmosphere is a satisfactory indication of the 
reliability of electrical gear. Make-up water 
for the boiler is drawn from the town supply, 
and the condensed water is purified by being 
passed through a water-purification plant 
made by Messrs. Harris, Anderson, & Co., 
Ltd., of Greenock, the feed pumps being of 
Messrs. J. P. Hall & Sons’, Peterborough, 
patent compound direct-acting type, shown 
in Figs. 6 and 7. The exhaust steam is con- 
densed in a surface condenser placed in a 
pit adjacent to the engine, and built by the 
Wheeler Surface Condenser and Engineering 
Company, of New York. 

The main switchboard for this power 
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house was built by Messrs. Palmers’ electri- 
cal staff, and consists of four panels. The 
first contains the switches, rheostat, and 
instruments for controlling the exciter cir- 
cuits; the second is the main dynamo panel 
connecting the machine to the station 
busbars ; the third is the main distribution 
panel, which connects up the auxiliary station 
to the main supply ; while the fourth is the 
joiners’ shop supply panel. This contains 
in addition the main station meter, which 
is of the Westinghouse type. In order to 
parallel the two stations an Everett-Edge- 
combe synchroniser is provided, and in 
order to meet the condition of the auxiliary 
generator being shut down during the day, 
the joiners’ shop can be fed directly off the 
distributing network of the yard through the 
auxiliary station board. Over the switch- 
board is located the main fuse board, as in 
the main generating station, fuses being 
placed in each phase of the auxiliary 
generator, the main power station supply 
and the joiner's shop circuit. Ata point in 
the yard network so situated as to divide the 
load between the two stations in proportion 
to their capacities is placed a disconnecting 
switch, so that if necessary the two stations 
can be run entirely independently. 

In order to provide lighting for this section 
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of the yard a motor- 
generator made by 
the Lancashire Dy- 
namo and Motor 
Company, Ltd., is 
provided, having a 
40b.h.p. slip - ring 
motor running ‘at 
8бот.р.т. and 
driving a generator 
giving 24oamp. at 
IIO volts. Fig. 8 
shows the general 
appearance of this 
set, the motor of 
which is provided 
with a thoroughly 
ventilated stator, 
the stampings of 
which are of speci- 
ally annealed char- 
coal iron to secure 
a minimum hys- 
teresis loss. 
The rotor consists of a laminated 
core having the conductors placed 
in partially closed slots and in- 
sulated. Тһе dynamo is of the 
Lancashire Dynamo and Motor 
Company's four-pole standard type, 
of very compact design. The 
field frame, of cast steel with 
laminated pole pieces, is split across 
the horizontal diameter for the 
ready inspection of the armature. 
The armature is of relatively large 
diameter with small armature re- 
action with slotted core and former- 
wound barrel-type windings. The 
brush holders are of this firm's 
patent “ Box" type. Тһе motor 
generator set is capable of standing 
heavy overloads if required, carrying 
50 per cent. overload for a quarter 
of an hour, and zo per cent. for two 
hours. The motor is operated by 
a Westinghouse auto-starter, while a 
board having a Whipp& Bourne шар- 
netic circuit-breaker and Crompton 


Fic. 6. Екер Pump. 


Г .. 
poe) 
- 


ЕЕ 


uS EL 
2:57 3 


(Palmers’ Shipyard.) 


Fic. 7. 


223 


ammeter and voltmeter is provided for the 
direct—current side. It may be mentioned 
that throughout the yard at convenient 
points there are six motor-generators for 
lighting purposes of the same general type 
and capacity, some of which have been 
already mentioned. The auxiliary generating 
station above mentioned has now been in 
commission about three years, running 
steadily from 5 p.m. to 5.30 a.m., besides 


intermittently throughout the day at times 


of pressure, and although the loads fluctuate 
very heavily, due especially to the working 
of the cableway motors, no trouble has been 
experienced in its performance. 


Electric Motor Applications. 


It may now be interesting to review some 
of the applications to which electric power 
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is put in these yards. The functions of a 
shipyard of such magnitude as this are very 
diverse, inasmuch as a considerable amount 
of subsidiary work, which would in smaller 
yards be sent out, can be more economically 
produced under central control when the 
growth of the firm renders the work of 
sufficient importance to be worth attending 
to. For this reason it would be impossible 
in the present article to attempt a detailed 
description of the various component pro- 
cesses in their relation to electric drive, and 
a general summary must suffice. One of 
the most important, because one of the 
most modern parts of the equipment, is the 
joiners’ shop, which has been laid out on 
very sound lines. ‘The building, which is 
self-contained, consists of a basement in 
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which the motors are 
situated, over which 
is the ground floor, 
devoted to log- 
cutting, making deck 
planks, and other 
heavy work. Above 
this again a floor is 
used for the lighter 
joiners’ machinery 
and the benches, 
while a well-lighted 
gallery and annexe 
on the top or second 
floor is devoted to 
the cabinet makers. 
The arrangement of 
the power drive in 
the basement is to have two motors, each 
of sob.h.p, and each direct connected to 
a main shaft running transversely across 
the shop. From these shafts, belts are 
taken upwards to lines of machines on the 
ground floor. Another soh.p. motor is 
installed to drive the machines in the top 
joiners’ shop. Each of these motors is of 
the Westinghouse type, taking 68amp. per 
phase and running at 575rp.m. with 3o 
periods frequency. In connection with a 
very complete sawdust exhausting system by 
Messrs. Adams, of Glasgow, a motor driving 
the fan is also situated in the basement. 
lach motor is controlled by an auto-starter, 
and these are collected into a well-lighted 
control room in the basement, so that the 
whole of the joiners' shop can be started from 
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one point. Over each 
starter is placed a set 
of fuses, one for each 
phase, in the motor 
circuits, while а por- 
tion of the lighting 
of the building is also 
controlled from this 
point. The wood- 
working machines on 
the ground floor in- 
clude a series of 
heavy tools by 
Messrs. John 
McDowall & Sons, 
of Johnstone, N.B., 
including a heavy 
saw fraine for taking 
logs up to 36in. di- 
ameter, and adapted 
for all kinds of round 
or square timber. 
The motion to the 
sawgate or working 
frame is conveyed by 
two connecting rods 
holding the frame 
near its centre, 
driven from a disc 
crank connected to 
fast and loose pulley 
arrangements. At 
full rate of work 
about 45b.h.p. is re- 
quired for this ma- 
chinealone. Another 
fine machine is a self- 
acting circular saw 
rack bench, Fig. 9, 
with а travelling 
table of steel plates, and carrying a six-foot 
saw running at soor.p.m. This is used for 
cutting deck planks and similar stuff up to 
дой. long, and absorbs about 4ob.h.p. 
Other machines are a deal frame planing 
machine operating on four sides of the 
timber at once if required, at speeds up to 
7oft. per minute ; and a four-cutter moulding 
machine. On the floor above there are such 
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machines as small circular saws, band-saws, 
mortisers and borers, irregular moulders, «сс., 
by the same firm. On this floor is located 
the auxiliary power and lighting distributing 
board for the joiners’ shop, constructed 
by Messrs. Palmers’ electrical staff. On 
the top floor is situated the tool room of 
the department, containing among other 
things a good grinding equipment by 


The ELECTRICAL MAGAZINE. (Falmers’ Shipyard.) 


~~ 
"=, 

— 

m - 


\ hs 
\ Ne 


” - 
«= 


А 
(1 ЧАР, 


pn. 


FIG. 11. 


Messrs. John McDowall & Sons, for saw 
sharpening, grinding, moulding cutters, filing 
and setting saws, &c., driven by a sb.h.p. 
motor. The building is 196ft. long and 
76ft. wide. 

On the other side of the auxiliary power 
house to the joiners’ department is the slip- 
way, which 15 6ooft. long, and capable of 
dealing with vessels up to 1600 tons. ‘The 
vessels are drawn up the slipway by a 
hydraulic ram, and the water for this’ is 
pumped electrically, the three-throw hori- 
zontal ram pump being operated by a gob.h.p. 
induction motor baving automatic starting 
and stopping gear operated by the position 
of the accumulator. For warping purposes 
and incidental work the slipway is equipped 
with electrical winches made by Messrs. 
Clarke, Chapman, & Co., Ltd, of Gates- 
‚ head, and these are-generally used through- 
out the yard and in the berths (Fig. 10). 
It may here be mentioned that all motors 
throughout the equipment up to 2ob.h.p. 
capacity were made by Messrs. Clarke, 
Chapman, & Co., Ltd., larger sizes being 
supplied by the Westinghouse Company. 

The buildings in which the main part of 
ship constructional work is done are divided 


= 
kn un 


226 


“. 
472222 
ТЕСІГІ 
um I 


А .“.. 
4, > 
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into three long sheds, roofed in, but for the 
most part open at the sides to allow free 
handling of large plates and girders used in 
modern ship-building. In these some very 
fine examples of heavy ship-building tools 
may be found, among which may be men- 
tioned a large double-ended shear made by 
Messrs. Craig & Donald, of Johnstone, N.B. ; 
double-ended punches and shears by Messrs. 
A. W. Smith & Co., of Glasgow; edge 
planing machines-—one  4oft. long — by 
Messrs. Hugh Smith & Co., of Possil Works, 
Glasgow (Fig. 11); and a series of machines 
by James Bennie & Sons, of Cardonalds, 
near Glasgow. One of these is illustrated in 
Fig. 12, showing a punching and shearing 
machine of the three-sided type, which is 
capable of punching rin. holes through 
1)in. steel plates at one end, shearing тїп. 
plates at the other end, and punching out 
manholes up to 16in. diameter at the side. 
The machine is provided with self-contained 
cranes to carry plates up to three tons in 
weight, and, as shown by the photograph of 
the machine taken at the shipyard after 
erection, is a particularly fine specimen of 
machine tool work. No. 3 shed also serves 
the purpose of a screeving loft, a very large 
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floorplate being installed on which the 
various portions of vessels built by the firm 
are laid off. This shed is also interesting 
as being the place where the individual 
electric drive of machine tools is largely 
adopted; in the other sheds the machines 
are group-driven by means of four motors 
ranging from 3ob.h.p. to sob.h.p., through 
shafting and belting, but here the motors 
are mounted directly on the machines, 
examples of this arrangement being found 
in the drive of plate bevelling machines 
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LARGE THREE-ENDED PUNCHING AND SHEARING MACHINE, 


by Davies & Primrose, of Leith, and a 
large squeezer for bending angles, made 
by J. Bennie & Sons. Provision is also 
made in these sheds for the installation 
of a switchboard, made by Messrs. Johnson 
& Phillips, Ltd., of Charlton, Kent, for 
controlling the supply of three-phase power 
to the two large overhead cableways-—which 
form such a conspicuous feature of these 
yards, and which will be described later — 
together with the distributing boards for the 
power circuits of the sheds themselves. 
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In connection with the large amount of 
ship repairing which Messrs. Palmers carry 
on, a large graving dock, 44oft. long and 
7oft. wide, occupies a central position on the 
water front and near to the main power 
house. The dock is pumped out elec- 
trically, two 5ob.h.p. Westinghouse motors 
running at 575r.p.m. being installed in a 
pump-house at the side of the dock (Fig. 
13). These drive by means of vertical 
belts on to medium-speed centrifugal pumps 
situated some 2cft. below the floor level. 
The motors, of the slip-ring type, are con- 
trolled by auto-starters of the Westinghouse 
pattern. There are no drainage pumps, as 
it is found that the docks can be kept 
sufficiently dry by the occasional running of 
the main pumps. The installation was made 
some seven years ago, and it has proved 
very successful in operation. ‘The dock is 
closed by means of a floating caisson which, 
although at present pumped out by steam, 1s 
shortly to be equipped electrically, a soh.p. 
motor being installed for that purpose. At 
the bank-top adjacent to this dock is a line 
of six shearing and punching machines for 
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the purpose of dealing with plates used in 
construction, and these are individually 
operated by motors mounted on the 
machines themselves. As they are exposed 
to all conditions of weather, the motors are 
iron-cased, and the switchgear has to be 
of particularly sound construction. The 
switches used are of the *' Stellite " iron-clad 
pattern, made by the Electric and Ordnance 
Accessories Company, Ltd., of Birmingham. 


Electric Overhead Cableways. 


Every shipbuilder will know that in 1905 
Messrs. Palmers introduced what was prac- 
tically an innovation in shipyard equipment 
by erecting the first of their two gigantic over- 
head cableways, and in view of the fierce dis- 
cussion which then arose as to the wisdom 
of such a step the foresight of Mr. J. L. 
''waddell, the manager of Messrs. Palmers’ 
Shipyard Department, is very greatly to be 
admired. ‘The system adopted in the first 
design was the suspension of three cable- 
ways lengthwise over the building berth from 
two cross-girders, each lifted to a height of 
about 1ooft. above ground by two inclined 
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lattice-work columns. 
End  carriages to 
which the cableways 
are attached travel 
transversely along 
these cross - girders. 
Each of the four 
concrete foundations 
for the  co'umns 
measures 16ft. square 
at ground level, and 
weighs about  r4o 
tons. Back guys 
drop vertically from 
the heads of the 
columns to concrete 
anchorages, and the 
columns are pivoted 
at their base. The 
area covered by the 
cibleway is соой. 
long by rooft. wide, 
and the sag of the 
trolley cables in 
sooft. is about 1811. 
There is a fall to- 
wards the river in 
conformity with that 
of the ground, so 
that when materia! is 
being fed from the 
head of the berth the 
heavy truck is helped to its destination by 
gravity, so that current is on the whole saved. 
The end traversing carriages, six in number, 
are each propelled by a 12b.h.p. ventilated 
enclosed reversible motor geared through 
worm and spur gearing to two axles carrying 
the rail wheels. "The motors on both end 
carriages are controlled simultaneously in 
either direction by the operator from the 
load carriage. On the main cables, which 
are each 7iin. in circumference, having an 
ultimate breaking strain of 175 tons, run the 
fore and aft trolleys or load carriages, con- 
structed of steel with suitable cage for the 
operator. In each of these carriages is a 
35h.p. motor, which performs the hoisting 
and travelling motions. ‘lhe longitudinal 
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GENERAL VIEW OF ELECTRIC OVERHEAD CABLEWAY 


travel is obtained through friction and spur 
gearing from motor to travelling motion 
shaft. On this are keyed two rope drums, 
over which pass ropes which are anchored at 
each end of the cableway. The hoisting 
motion is obtained through friction and spur 
gearing to a drum running loose on a hollow 
steel shaft. Mechanical friction brakes are 
fitted to both motions, and the current is con- 
veyed to the motors from overhead copper 
cables, suspended between the supports, 
through collecting arms. The electric cables 
are attached at each end to steel spiral springs 
in compression, and should a live wire break 
on any of the phases, automatic cut-outs act. 
Two controllers, one for the load carriage 
motor and the other for the end carriages, 
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are placed in the cage, a second set of wires 
for the latter leading back from the controller 
to the motors. The usual speed of travel 
longitudinally is 4o0oft. per minute, though 
6ooft. can be obtained ; the traverse speed 
is 25ft. per minute, while for hoisting three 
tons can be lifted at 1ooft. per minute, or 
one ton at r5oft. per minute by each hcok. 
The cableway was patented and constructed 
by Messrs. John M. Henderson & Co., of 
Aberdeen, while the motors of the three-phase 
enclosed slip-ring type were supplied by the 
Lancashire Dynamo and Motor Co.,Ltd. So 
successful was this cableway in practice that 
abouteighteen months later a second cableway 
of larger dimensions but of similar type was 
put into operation. This covers a rectangle of 
7ooft. by 15oft., or two building berths, and 
is served by four cableways. In this case 
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the electric cables are 
grouped around a steel 
| wire rope from which 
they are supported at 
intervals of about 76ft. 
to 8oft. Fig. r4 shows 
the general appearance 
of one of these cable- 
ways, while the drawings 
(Figs. 15 and 16), pub- 
lished by permission of 
the Institute of Naval 
Architects, give a detail 
of the fore and aft trolley 
on the first cableway 
constructed. 


General Electric 
Applications. 


Іп connection with 
shipyard work there are 
a large number of mis- 
cellaneous trades which 
depend upon the main 7 
industry, and in con- 
nection with an under- 
taking of the size of 
Messrs. Palmers Ship- 
building and Iron 
Company, Ltd. it is 
economically preferable to group all 
these trades under one management. Ac- 
cordingly space is given in these yards to 
foundries for iron and brass, a pattern- 
making department, the shipyard forge, 
fitting shops, plumbers’ and riggers’ depart- 
ments. In all these the electric drive is 
used to a greater or less extent. In the 
metal foundry, which is one of the older 
portions of the yard, an instructive lesson is 
learned as to the advantages of electricity 
for crane operation. There are two elec- 
tric travelling cranes working side by side 
with three steam-driven cranes of the same 
description, and the sight of the donkey 
engine and boiler suspended in mid-air, 
together with the liability of red-hot 
cinders falling on the men beneath, enforces 
its own moral. In this department а 
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50b.h.p. motor drives pug-mills for pre- 
paring the sand and a Sturtevant fan for the 
cupola blast is also electrically driven. In 
the brass foundry two motors are used, one 
for driving an electric travelling crane by 
rope gearing to the motions, and the other 
operating a line of shaft for miscellaneous 
tools. Adjacent to these departments is the 
metal-breaker, the monkey for which is lifted 
by a sh.p. motor. In the shipyard forge 
there are four 20-ton cranes made Бу 
Messrs. Craven Brothers, Ltd., having a 
light and heavy lift and fitted with a four- 
motor equipment, while a 15b.h.p. motor 
drives the fan for the forges. In addition 
to a large number of ordinary open-hearth 
fires there are two large floor forges for the 
purpose of taking heavy work such as stern 
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frames, «с. Тһе hammers are all steam 
driven. An electrically operated winch and 
a pair of shears for cutting scrap iron are 
also provided. An 8h.p. motor is installed 
in the plumbers’ department for the general 
work of this shop, such as pipe-cutting and 
screwing, while in the fitting shop two main 
lines of shafting driving engineering tools 
such as lathes, drills, &c., are operated by 
a 50b.h.p. and 3ob.h.p. motor respectively. 
A special motor room is built to contain 
these machines, and one of the lighting 
motor-generators previously mentioned is 
installed here for the needs of this section. 

In addition to the activities detailed 
above, Messrs. Palmers Shipbuilding and Iron 
Company, Ltd., have, as their name to some 
extent indicates, for a long time produced 
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for themselves and other manufacturers iron 
and steel at extensive works closely adjoining 
the shipyard. In addition to this they have 
recently laid down a thoroughly modern and 
complete plant for the manufacture of marine 
engines and turbines, the latter being under 
Parsons' patents, in order to be in a position 
to undertake the complete main construction 
of any class of steel vessel, from the *'tramp " 
to a battleship such as the Lord Nelson, 
which was recently launched from this yard. 
The description of steel manufacture and 
turbine building does not enter into the 
scope of this article, and it is hoped, in 
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a further number of ‘THE ELECTRICAL 
MAGAZINE, to givesome interesting particulars 
of Messrs. Palmers’ work in this direction. 
The author has, however, in the present 
instance the pleasure of putting on record 
his sense of the courtesy of Mr. Malcolm 
Dillon, the secretary of the company, and 
Mr. J. L. Twaddell, the manager of Messrs. 
Palmers’ shipyard, in allowing him to care- 
fully examine their electrical equipment, and 
in assisting him in the preparation of 
technical particulars concerning its applica- 
tion to shipbuilding. 
J. A. SEAGER. 
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article being more than an outline of 
the methods adopted in applying 
electricity to ship-lighting service. Тһе 
requirements for different classes of vessels— 
for instance, battleships, liners, private yachts, 
passenger and cargo steamers, oil tank 
steamers, and steam trawlers—are so varied, 
that only one or two of the more frequently 
used methods can be described in detail. 
Electric lighting 15 Ле method par excellence 
for ships, and it may be safely said that 
practically every steamship built within the 


I IMITATIONS of space will prevent this 


last fifteen years or so has been fitted. with 
an electrical installation. 

When the use of electric light first became 
general on board ship, the *''single-wire ” 
system was employed to a large extent. In 
this method of wiring one main cable and 
one branch main only, instead of the usual 
pair, аге used, the “ return " being through the 
framing and plating of the ship. One 
terminal of the dynamo is of course also 
connected to the ship. 

The branch wiring in the cabins and 
accommodation is sometimes also “single 


MIG; i: 


Sir GEORGE NEWwNES's T.S.Y. “ ALBION." 


The Electric Installation on this Yacht, which was completed in 1905, includes 157 lights with plugs and sockets for 
. Portable Lamps and Radiators in State Rooms, Owner's Quarters, Smoke Rooms, &c., Wiring for Steering Gear, Winch, 
Windlass, Retrigeration, Ventilation, Forced Draught, Bells, Projector, &c. 
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wired," but in many cases it is more con- 
venient to use the ordinary “ double wire” 
system in these parts of the ship. Further, 
in the deck houses near the bridge and wheel 
house it is considered safer to use double 
wiring on account of possible electromagnetic 
interference with the readings of the 
compasses. 

The *'single-wire" system is still used, 
though not to the extent that it was some ten 
or more years ago. Several of the large 
steamship companies still adhere to it, and 
will have nothing else on any new vessels 
built for them.. The advantages are a con- 
siderable saving in the cost of mains and 
branch mains, and a 50 per cent. saving of 
armoured wires in the engine and boiler 
rooms, tunnels, «с. There are also fewer 
connections to the distribution and main 
switchboards, and a less number of small 
branch wires for faults to develop in. 

The “single wire" and other similar 
systems, such as concentric wiring with an 
uninsulated return, have been superseded by 
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the ordinary “ double 
wiring,” as in land 
practice, to a large 
extent. 


For many years, 
the usual voltage for 
ship work was 60 or 
65 volts; this has 
given place to 100 
volts, which is now 


the generally adopted 
pressure. The Ad- 
miralty, however, 


formerly used 8o-volt 
circuits, while their 
most recent practice 
is to use 220 volts. 


Most of the latest 
battleships are so 
equipped, on account 
of the increasing use 
which is made of 
motors for all pur- 
poses. The conse- 
quent large amount 
of energy to be transmitted to various parts 
of the ship renders low-voltage cables too 
bulky and difficult to handle. 

It is proposed to describe in some detail 
the installation fitted on ап ordinary 
passenger and cargo steamer. 

The installations may be summarised as 
follows :— 

Engine and Dynamo. 

Main Switchboard. 

Main Cables and Branch Mains. 

Section Fuse Boxes. 

Branch Wiring. 

Fittings, Switches, and Lamps. 

Distributing Fuse Boxes. 


Engine and Dynamo. 


The engine may be either of the open or 
enclosed type ; the former usually running at 
speeds of from 25or.p.m. to 4oor.p.m., while 
the latter is usually made for soor.p.m. to 
6oor.p.m. The higher-speed plant naturally 
can be made lighter and smaller for a given, 
output than the lower-speed one. 
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The lubrication of the open-type engine is 
effected by a single oil box, with pipes, sight 
feeds, and separate adjusting cocks to all the 
working parts. The supply of oil can be cut 
off by one master cock when the engine is 
not required, without interfering with the 
adjustment of the individual supply pipes 
and cocks. 

An “enclosed " engine is usually lubricated 
by the “splash” method, the crank chamber 
being kept rather less than half full of oil 
and water, into which the cranks dip at every 
revolution and splash up the mixture to all 
the working parts. In some types of en- 
closed engine, however, forced lubrication is 
adopted, a small oil pump being driven by 
the shaft, and supplying all the bearings 
with oil under pressure, through a pipe 
system. 

The speed regulation of engines is effected 
by governors of the flywheel type, in which 
the eccentric sheave is moved on the shaft 
by weights disposed 
within the flywheel, 
and thus altering the 
“cut-off”; or by 
means of a throttle 
governor valve, actu- 
ated by moving 
weights mounted on 
the crank shaft. 

Belt-driven throttle 
governors are to be 
avoided, owing to 
the risk of accident 
through belts break- 
ing or coming off. 
The throttle governor 
driven direct from 
the crankshaft has 
the advantage over 
the automatic cut-off 
type in that the 
speed can be varied 
by hand while the 
engine is running. 

A well - designed 
coupled plant for 
ship-lighting should 
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not vary more than about 5 per cent. in 
speed from no-load to full-load, and the 
dynamo should preferably be over com- 
pounded to a rather large percentage, to 
compensate both for drop in engine speed 
and the C?R losses in the main cables. 

The dynamo is usually of the multipolar 
type, and compound wound. In well de- 
signed machines, fitted with carbon brushes, 
the brush position. should remain constant 
for all loads, without any sparking. Needless 
to say, the engine and dynamo are coupled 
direct and mounted on one combined 
bedplate. 

The coupled plant is usually fixed on the 
starting platform, or on a *'stringer " near by, 
in order that it may be under the eye of the 
engineer on watch. If on the starting plat- 
form, the foundation consists of stiff steel 
plating riveted to the web frames of the 
ship’s bottom, or if on a “stringer” this is 
bolted or riveted to the steel side frames of 
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the ship, the outer end being supported by 
stanchions. 

A teak or pitch-pine framing rin. or 2in. 
thick is fitted on the foundation, and care- 
fully levelled before the bedplate of the 
coupled set is bolted down. This assists 
smooth and silent running. 

Steam pipes are connected to both the 
main and donkey boilers, the latter being 
used chiefly when the vessel is in port. 
The donkey boiler pressure may be from 
6olb. to 1oolb. per square inch, while the 
main boilers are usually from 16olb. to 
180lb. pressure. 

As the electric light engine has to develop 
its full power when running on the donkey 
boiler, it is usual to fit a reducing valve in 
the pipe from the main boilers. "The engine 
is arranged to exhaust either to the con- 
denser, or direct to the atmosphere, a two- 
way valve being fitted in the exhaust pipe 
for this purpose. 

Both the engines and the dynamos for ship 
lighting should be thoroughly well designed 
and liberally proportioned to allow of their 
being run for very long periods without a 
stop. Cases have come under the writer's 
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experience of plants 
having run continu- 
ously day and night 
for sixty days at a 
time. 


Main Switchboard. 

The main switch- 
board is usually of 
marble or polished 
and enamelled slate, 
fitted with a volt- 
meter, the necessary 
number of circuit 
switches, and double- 
pole fuses for same, 
and also with an 
ammeter, when pro- 
jectors or arc lamps 
are fixed on board. 


The simpler the 
switchboard is, the 
better. 


The main cables are run from the circuit 
switches of the main switchboard to double- 
pole fuse boxes fixed in convenient and 
accessible positions near that part of the 
ship which they serve. 

Sub-mains are then run from these points 
to distributing double-pole fuse boxes, branch 
wires being run from the latter to feed not 
more than three or four lights. А dia- 
grammatic sketch of this arrangement of 
wiring is given in Fig. 6, which shows every- 
thing clearly. 


Main Cables and Branch Mains. 


A short description of the class of cables 
usually employed and the method of fixing 
the same may now be given. Main and 
sub-main cables are insulated with pure and 
vulcanised rubber, taped and braided. They 
are preferably run in iron pipes, or they may 
be insulated as above with the addition of a 
lead covering, which is then taped and 
armoured with galvanised iron wire over all. 

The branch wires from the distributing 
boxes to the lights, in engine room, boiler 
room, and tunnel, are usually armoured as 
above, while for the accommodation (state 
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rooms, officers and engineers’ quarters, 
&c.), lead-covered wires are fixed by brass 
clips to the bulkheads or ceilings. 

The main cables are usually led up the 
engine room bulkhead, thence through to 
the “tween decks” at the nearest position 
to the various section boxes. If the cables 
are run in iron pipes in the “’tween decks ” 
the pipes are fastened by clips to the under- 
side of the deck beams. 

Suitable draw-in boxes are fixed at in- 
tervals to facilitate the drawing-in of the 
cables, and for carrying out repairs at some 
future time. In some vessels iron pipes are 
unsuitable in the **'tween decks,” owing to 
the nature of the cargo to be carried, such 
as timber or cotton; but when they сал be 
employed, an excellent and lasting job can 
be made if the piping is erected and fixed in 
a careful manner, and suitable draw-in boxes 
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of ample size are used where any bends or 
branches occur. 

If lead-covered and armoured cables be 
used, they are fixed to bulkheads, &c., by 
brass or galvanised iron saddles, these being 
secured by in. Whitworth  round-head 
screws. 

In the **'tween decks " the cables have to 
pass through the deck beams, which are 
spaced apprcximately 2ft. apart; the cables 
are clipped up to the underside of the deck 
between the beams. Clips should not be 
spaced more than 1ft. apart. 

Where the cables pass through watertight 
bulkheads, proper gunmetal stuffing boxes 
have to be fitted to comply with Board of 
Trade and Lloyds’ requirements, and when 
the cables pass through a deck, suitable 
flanged metal tubes are used, making a 
thoroughly watertight joint between the tube 


YACHT-LIGHTING PLANT: 
GOVERNOR, DIRECT COUPLED TO MAIN DYNAMO, AND HAVING BOOSTER AT OTHER END FOR CHARGING BATTERY. 
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SINGLE-CYLINDER Open ТҮРЕ ENGINE WITH AUTOMATIC CUT-OFF FLYWHEEL 
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and the deck. After the cables have been 
drawn through, the tops of the tubes are 
sealed up with waterproof compound to 
prevent any water passing through to the 
space below. 

The wires for the mast-head light are 
usually run up the mast in iron pipe, and if 
the lantern is permanently fixed the iron 
pipe is run directly into it. 

If, however, the lantern is portable, the 
iron pipe should terminate in a “gooseneck” 
bend with a watertight socket connection 
screwed on to it. 

The wires for port and starboard lights 
are sometimes run direct into a permanent 
lantern, or terminate in watertight socket 
connections fixed in the nearest convenient 


position. Flexible cables are then run from 
these sockets to the lanterns. 


Fittings, Switches, and Lamps. 


The fittings for the lamps in saloons and 
state rooms vary very considerably according 
to the class of vessel. In the officers' quarters, 
brass fittings, either polished or bronzed, 
with frosted lamps or globes, are usually 
employed. 

In engine rooms, crews' quarters, &c., the 
fittings are also of brass, substantial in design, 
with well glasses, strongly guarded, to with- 
stand rough usage. 

Where lamps are fitted in the “’tween 
decks " they should be in very strong cast- 
iron fittings, with a hinged solid cover, which 
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can be closed over the glass entirely, and 
fastened by wing nuts, when the space is to 
be filled with cargo, and the lights not 
required. 

Engine rooms and boiler rooms should 
have plenty of portable lamps, current being 
conveyed to them by flexible armoured wire, 
from wall sockets fixed in convenient 
positions on the bulkheads. The hand- 
lamp fittings should have large hooks at the 
top, so that they may be hung up in any 
convenient position. 


Distributing Fuse Boxes. 


Distributing fuse boxes in exposed 
positions are fitted in cast-iron cases, the 
fuses being of the clip type, easily replace- 
able. Inthe accommodation, teak fuse boxes 
with glass fronts are employed. 

Branch switches are usually of the tumbler 
type, every light in the living spaces having 
its separate switch. 

No switches or fuses should be fitted in 
cargo spaces or coal bunkers, but the lights in 
these parts should be controlled in groups of 
three or four, the switches and fuses being 
arranged in some near and convenient 
position. Engine and boiler room lights 
are preferably controlled in groups from a 
sub-switchboard fixed near the main switch- 
board. 

The switches controlling the navigation 
lights—foremast, mainmast, port and star- 
board side lights, and stern light—should be 
fixed in the wheel house, under the control 
of the officer on watch. 

In some vessels a tell-tale indicator is 
fitted in the wheel-house, so that in the 
event of a lamp going out—through a 
filament giving way or other cause—a tell- 
tale lamp is lighted and a bell rung to give 
warning of the fact. The lamps throughout 
the ship are usually of 16c.p., except in the 
binnacles and telegraphs, where 8c.p. lamps 
are used. Navigation lights are fitted. with 
32с.р. lamps, with twin filaments enclosed 
in one bulb, as it is unlikely that both fila- 
ments will give out simultaneously. In the 
event of one filament breaking the remaining 
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one gives sufficient light to meet the Board 
of Trade requirements. 

A suitable tell-tale indicator will give 
warning when only one of the two filaments 
has given out. The lamp can be replaced 
at the first convenient opportunity. 

Many hundreds of steamships of various 
classes have been lighted on systems and 
methods similar to those just described, and 
time has proved their worth and excellence. 


YACHT INSTALLATIONS. 


The electrical equipments on board steam 
yachts vary a good deal, depending upon 
the tonnage, the internal fittings generally, 
and, of course, the amount of money the 
owner is willing to spend upon this portion 
of the work. It is needless to add that a 
yacht installation is not complete without a 
storage battery, so that the lights can be run 
(at night, especially when the yacht is in 
port) direct from the cells, dispensing with 
the running of the engine and dynamo so 
that absolute quietness reigns, adding to the 
owner's or guests' comfort when on board. 
On an installation of, say, 120 lights, the 
plant usually consists of an engine and 
dynamo, storage battery, main switchboard, 
with the necessary main and circuit switches, 
instruments, cell switches, cell charging and 
discharging switches, and automatic cut-in 
and cut-out switch. 

Assume the voltage to be 100, which is 
now generally adopted for installations of 
this class, the dynamo being shunt-wound, 
giving an output of, say, 6oamp. at 100 volts 
when running direct to the lights, or 6oamp. 
at 148 volts when charging the cells, the 
board is arranged for: (1) running direct 
to the lights from the dynamo; (2) charging 
the cells only ; (2) running the lights from 
the battery only ; (4) dynamo and cells in 
parallel to the lighting if required, as per 
diagram of connections shown in Fig. 7. 


Storage Batteries. 


The cells are usually fitted in strong lead- 
lined teak boxes, the lids being fastened to 
the boxes by strong brass wing nuts, and a 
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strong rubber ring inserted between the lid 
and the box to prevent leakage of the 
electrolyte. Тһе lid should also have in- 
spection holes of 2in. to 3in. diameter 
(according to the size of the cells), fitted 
with tapered plugs, easily removable, so that 
inspection can be made readily while charg- 
ing is taking place, or for the purpose of 
adding water or fresh electrolyte without 
removing the lid. 

Owing to the limited space on board the 
majority of yachts it is not possible to have 
a separate battery room, as on land installa- 
tions, and as it is advisable to have the cells 
as near the main switchboard as possible to 
keep the cost of cables down, they are 
usually fixed either in the thrust recess or in 
the tunnel ; sometimes in both, according to 
the space available, the regulating cells being 
nearest the main switchboard. 

The stands for receiving the cells are 
generally constructed of knee-shaped angle 
iron bars bolted or riveted to the side frames 
and carried down to the web frames at the 
ship’s bottom, trays being arranged in tiers 
and constructed of teak or pitchpine, the 
whole being lead-lined to take any acid 
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CIRCUITS 


DIAGRAM OF YACHT-LIGHTING SYSTEM WITH BATTERY. 


which may leak out of a defective or 
damaged box. Between the cells and the 
lead-lined trays teak paraffined strips are 
placed to keep down surface leakage; 
division strips of teak are placed between 
each cell, and each tier of cells well stayed 
and bound together by wood battens, to 
prevent shifting of the cells at sea. All iron 
and woodwork in the neighbourhood of the 
battery should be treated with anti-sulphuric 
paint. 


Wiring. 


The wiring for the installation is carried 
out on similar lines to that of ordinary 
merchant steamers with the exception that 
in the owners and guests quarters and 
living accommodation surface wiring is not 
very suitable from an artistic point of view 
in these positions. Vulcanized rubber-insu- 
lated cables and wires of the best quality 
are usually run in wood casing fixed to the 
undersides of the deck behind the panelling, 
or where it is not possible to run casings the 
wires are placed behind the mouldings and 
framing, all coverings being fixed with wood 
screws. 
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It may be here mentioned that designers 
and builders do not give sufficient considera- 
tion to this all-important matter from an 
electrical point of view, as it could be easily 
arranged to: have receptacles provided both 
fore and aft and athwartships to take the 
necessary cables and wires without inter- 
fering with or spoiling the design of the 
panelled ceilings. 

The above applies to the sub-mains and 
branch wires only, as in practice it is not 
possible to run the main cables on deck in 
this manner owing to the insufficient space 
available, but a very satisfactory method is 
to keep all main cables on the lower deck, 
enclosing the cables in galvanized iron pipes, 
suitable draw-in boxes being provided at 
each point where the mains rise to the 
respective distribution boards. 
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Distribution Fuse Boxes. 


As the panelling and framing in the 
principal living parts is generally of very 
high-class design and finish, a very neat job 
can be made by having recesses built in the 
panelling to receive the boxes, the front of 
the box forming part of the design of the 
panel. 


Switches. 


Switches are usually of the sunk type 
mounted in brass boxes, the panels of 
framing being recessed to take the switch 
box, so the plates only project from the 
surface. 


Fittings. 
In the principal rooms the fittings are 
generally of very choice design, finished 


Fic. 8, Mr. C. W. VANDERBILT's S.Y. ''TARANTULA." 


This was the first Steam Turbine Yacht built. 
Plant of Accumulators and Switchboard. 


It is equipped with a ‘‘ Саѕ е" Steam-electric Generator and complete 
In addition to the permanent lighting, the equipment includes Coaling Clusters, 


Connections for Festoon Lighting, Portable Table Lamps and Hand Lamps for the examination of machinery, &c. 
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in electro-silver plate, oxidised silver or gilt, 
to match and harmonise with the surround- 
ing fittings. Table lamps are very freely 
distributed throughout and are fed from 
wall sockets recessed into the panels similar 
to the switches. At regattas it is no unusual 
sight to see yachts festooned from stem to 
stern with coloured electric lamps, which 
are fed from socket connections fixed at 
different positions on deck, a special circuit 
being arranged from the main switchboard 
to enable this to be done when required. 

On some of the larger yacht installations a 
booster is coupled direct to the same shaft as 
the main dynamo (see Fig. 5), the dynamo, or 
dynamos, if more than one, being compound 
wound, which enables the plant to be run 
direct on the lights and to charge the cells 
at the same time through the booster. 


Typical Installation. 


Perhaps a short description of the electri- 
cal equipment of а millionaires yacht 
fitted out last year by J. H. Holmes & 
Company may be interesting. The plant 
consisted of three compound forced-lubri- 
cation engines, having cylinders бұп. 
and тїїп. diameter by 6in. stroke, each 
capable of giving 48b.h.p. at a steam pres- 
sure of 18olb. рег sq. in. when running at 
a speed of 45or.p.m. Each of the above 
engines was coupled direct to a compound- 
wound dynamo with an output of 110 volts 
280amp. Twoof the dynamos had a booster 
coupled direct on the same shaft, Fig. s, 
giving an output of 56 volts 110amp., the 
approximate weight of each set being 8scwt., 
so that in ordinary working conditions one 
of the generators with its booster could be 
used during the day for lighting the engine 
room and other parts of the ship where 
light was required, and at the same time the 
battery charging could take place through 
the booster, and as two of the generators 
were fitted with boosters, one set could be 
run alternatively every other day, or in the 
event of a breakdown the other set would 
be available. If steam were kept up while 
waiting for sailing orders, the coupled set 
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without the booster could be run direct on 
to the lights if the engineer wished to keep 
the battery in reserve. 

The main switchboard occupied a space 
of oft. by sft. gin., and was fitted with 
all the necessary instruments, main switches, 
and protective devices usual for a plant of 
this description. 

It was so arranged that the plant could be 
run in the following sequence, according to 
the requirements of the occasion (Fig. 9) :— 

(1) Either generator running direct (as a 
compound machine) for lighting and power 
purposes. 

(2) Either generator running as above and 
charging the cells through the booster at the 
same time. 

(3) Either two or three generators running 
in parallel when required. 

(4) Discharging from the battery only. 

The circuit switches consisted of sixteen 
5oamp. change-over switches for the lighting 
circuits, so that these could be run from 
the battery or dynamos as required. Six 
5oamp. single-pole switches were also fitted 
for the power circuits, so that these could be 
fed from the generators only. 

The storage battery consisted of sixty cells 
capable of giving out g6amp. for seven hours. 

At first sight it might appear that in 
practice it would never be required to run 
the generators in parallel, but when the 
extent of the electrical installation is taken 
into consideration, this does not seem so 
improbable, as the installation consisted of : 

(a) 400 16c.p. lights distributed through- 
out the yacht. 

(^) 150 plug connections for reading 
lamps or table fans. 

(c) One 2oin. projector fitted on the bridge. 

(2) Provision made for decoration pur- 
poses at regattas for lighting 1500 lamps of 
5с.р., 8c.p., and 16c.p. 

(е) Supplying current for twenty-four 
motors totally approximating 28b.h.p., 
besides a number of plug connections fitted 
in the galleys and pantries for grills, coffee 
heaters, and other cooking apparatus. 

The ventilation of the living rooms was 
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carried out by electric motors, twenty in 
number, coupled direct to small centrifugal 
fans, the power of the motors varying from 
h.p. to rth.p. each. Particular attention 
was given to the positions of the motors and 
fans to prevent any noise being heard in the 
rooms. 

Two motors of 34h.p. each coupled direct 
to centrifugal fans were fitted in the **fiddley" 
for the ventilation of the stokeholds and 
engine room. 

A very complete laundry outfit was 
arranged on board, the machinery being 
driven by electric motors. 

Other electrical apparatus fitted on board 
consisted of two patent log-recorders, one 
recorder being fitted in the engine room and 
the other in the chart house, registering in 
3 ths of a knot and knots. There was also 
an automatic apparatus for controlling elec- 
tricaly the vessel's steam whistle; these 
special switches being fixed on the bridge, 
one at either end for operating the steam 
whistle as desired, and one in the centre 
which could be operated at will, or, if placed 
in a certain position, the whistle could be 
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operated automatically to blow at given 
intervals according to the setting of a special 
controlling apparatus fixed in the chart 
room. Wireless telegraph apparatus are also 
fitted on board in a special house built on 
the boat deck, the direct-current motor 
coupled to the alternator being fixed in the 
engine room. 

As previously mentioned, provision was 
made for lighting 1500 lamps for decoration 
purposes. Twenty special circuits were run 
for this purpose from distributing fuse 
boxes, with controlling switches fixed in the 
engine house, to special water-tight sockets 
fixed in convenient positions, each socket 
having a reference letter corresponding to 
the reference letter on the plug attached to 
the length of decoration belting. The 
decoration belting of twenty separate por- 
tions, averaging about rgoft. in length, con- 
sisted of four separate insulated cables 
under one covering, the lamps being spaced 
2ft. apart and coloured red, blue, and white, 
the lamp-holders forming part of the cable 
and made absolutely water-tight. The 
lamps were of the screw pattern with rubber 
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S.Y. '"LvsisrRATA ” (OWNER, JAMES GORDON BENNETT, Esq.). 


The electric plant on this vessel consists of two steam generators supplying 450 16c.p. lamps, three projectors 
(two 20in, and one 24in.), a number of ventilating fans for state rooms, and two electrically-driven Cyclone blowers, 


each moving 2400 cubic feet of air per minute, 


The yacht is also fitted with telephone installation and two complete 


batteries of accumulators. 


gaskets fitted to the collar, making a very 
satisfactory job. The white, red, and blue 
lights were controlled separately from the 
engine room. 

The belting when in position was so 
arranged that a complete outline of the 
yacht could be viewed illuminated at night 
from stem to stern on the water-line, load- 
line, main deck, upper deck, bridge deck, 
up both masts, each side of funnel, and 
around the top of same, as well as a com- 
plete stream of light up the fore stay to the 


top fore mast, and from top fore mast to 
main mast and down the after stay. When 
illuminated at night this had a very nice 
effect. 

Some sixty or seventy yachts have been 
fitted up with electrical installations on the 
foregoing lines—not so elaborate in all 
cases—which have given great satisfaction 
to the designers, builders, and owners. 
Among this number are included yachts 
owned by many Royal personages, Ameri- 
can millionaires, &c., &c. 
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Tubular Construction as 
Applied to Shipbuilding. 


One of the most noteworthy developments 
in modern shipbuilding is the increased use 
of tubular steel construction. For steam, 
feed, and other high-pressure pipes, where 
formerly copper was almost exclusively used, 
iron and steel pipes are now the general 
practice. 

Prior to the building of the Campania 
and Lucania, copper steam pipes were 
exclusively used, but the high steam pres- 
sures and consequent high temperatures 
and large diameters required for these 
boats precluded the use of copper, and iron 
pipes were successfully adopted. Since that 
date the use of iron and steel pipes on board 
ship has gradually extended, until the advan- 
tages of their use have become so generally 
recognised that not only are they specified 
for all new work, but it is significant that, in 
numerous cases lately, copper steam pipes 
have been replaced by iron and steel. For 
instance, Messrs. Stewarts & Lloyds, Ltd., the 
well-known tube makers, make no secret of 
the fact that they have made this alteration 
in no less than five large steamers during the 
last three months. 

The Board of Trade officials some years 
ago made a series of destructive tests in 
Stewarts & Lloyds Works of iron steam 
pipes with flanges welded on. For this 
purpose, short lengths of pipe with flanges 
on each end were cut longitudinally into 
four sections, and demolished under steam 
hammers. Under these tests the flanged 
pipes were bent and finally broken, but the 
continuity of the weld remained intact; since 
these tests the Board of Trade have ac- 


"ii. thick, weighing 


cepted the welded flanged pipes of this 
Company's manufacture for all work under 
their survey. 

Tubular construction, as apart from pipe 
work, in shipbuilding is particularly applic- 
able to such details as deck stanchions, 
cargo derricks, boat davits, masts, and to all 
other members subject to considerable strain 
and to which the tubular form may be 
conveniently applied. This is readily ap- 
preciated when one considers the relative 
strength of the tubular form for long struts, 
compared with other sections, as shown 
below : 

A steel tube 7]in. external diameter by 
10lb. per foot, is 
equal to : 

A castiron pipe sin. external diameter 
by rin. thick, weighing about 4olb. per foot. 

A steel angle 7jin. by 7lin. by bin., 
weighing about 251b. per foot. 

Three tee bars біп. by дїп. by Jin., weigh- 
ing about 48lb. per foot. 

An “H” beam 8in. by біп. by $in., weigh- 
ing about 3510. per foot. 

A channel т5іп. by gin. by jin., weighing 
about 511b. per foot. 

A solid steel bar 4iin. diameter, weighing 
about 54lb. per foot. 

Tubular steel deck stanchions are now 
regularly employed for Admiralty work ; 
while modern high-speed mail boats, includ- 
ing the most recent record-breakers, the 
Mauretania and the Lusitania, are fitted 
with tubular steel derricks and davits, the 
weight saved in these latter fittings alone 
amounting to about twenty-five tons, which 
is of the highest importance for such fixtures 
high above the water line. 

Turning to the boiler room, the use of 
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steel tubes, while it has always been a large 
item in the construction of the Scotch boiler, 
with its battery of return tubes, forced draught 
heater tubes, and feed and steam pipes, is 
now more than ever in evidence, due to the 
adoption of water-tube boilers for marine 
use, particularly those of the Babcock, 
Yarrow, and other accepted types. It is 
said that Stewarts & Lloyds, Ltd., supplied no 
less than 55,000 boiler tubes for the 
Lusitania and Mauretania alone, not to 
mention the large number of steam, feed, 
water, electric conduit, and structural tubes 
required for these boats. 

Before a committee of enquiry one of 
our most noted marine engineers recently 
expressed the opinion that copper tubes 
fitted with brazing metal flanges were an 
incessant source of trouble on board ship, 
their dimensions being cut down to the 
minimum to save weight and expense. 
Unless made of excessive thickness, these 
brazing metal flanges twisted and dragged 
out of shape, causing leaky joints and re- 
quiring re-facing before the joint could be 
re-made. Copper tubes have, of course, the 
peculiar advantage that they can be readily 
bent and adjusted to awkward positions, but 
the relative cheapness and reliability of steel 
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pipes far outweigh this factor, and are being 
proved to-day as altogether superior to the 
older expensive method. 


<> 


Electric Shipyard Cranes. 


Two noteworthy examples of modern elec- 
tric shipyard cranes are illustrated in Figs. 
r and 2. They are both of the Leeds En- 
gineering and Hydraulic Company's con- 
struction, the former being a three-ton self- 
contained pedestal crane as used for stacking 
ship plates. ‘The crane has a rake of 4oft. 
and turns a complete circle. ‘Two motors 
comprise the electric power equipment, and 
these provide all motions—hoisting, racking, 
and slewing. 

The second illustration is also of a 
three-ton crane capable of being turned 
through a complete circle by hand, and 
having a rake of 3oft. The mast is mounted 
on ball-bearings to permit of ease in turn- 
ing by hand. One motor of the totally 
enclosed type provides the power for the 
hoisting and racking motions. The motor 
is carried on the back jib, the balance weight 
being utilised as a base for the motor. The 
lift of the crane is 16ft. clear. 
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Electric Motors. 


Electrical engineering is nothing if not 
progressive ; and in no branch of industry, 
perhaps, has this been exemplified better 
than in the shipbuilding industry. The 
adaptiveness of electrical driving to all kinds 
of work has ever been the strongest point in 
its favour. Electrically power is transmitted 
from the generating plant to the motors with 
the minimum of waste; 
motive power is applied to the driven 
machine in the most convenient and effective 
manner ; and electrically the power of the 
generator may momentarily be concentrated 
on one or two motors to the extent of—in 
the case of continuous-current and three- 
phase motors at any rate—two or three times 
their rated capacity. But it is unnecessary 
to enumerate the advantages of electric power 
transmission at the present day, for they are 
already well appreciated, and it has become 
merely the question of capital outlay which 
prevents its universal adoption. 

The work of a shipyard being of a heavy 
nature, it is of importance that the motors 
to be used for driving the machine tools 
should be not only of strong mechanical 


electrically the — 
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THREE-TON SINGLE-MOTOR PEDESTAL CRANE. 


construction, but also designed electrically 
so as to be capable of carrying very heavy 
momentary overloads efficiently and without 
injury. The illustrations Figs. 1 and 3 
are of motors made by T. W. Broadbent, 
Ltd. Тһе “М” type continuous-current 
motor, Fig. 1, may be regarded as of typically 
strong construction. ‘These machines аге 
made protected, ventilated, or totally enclosed 
as required. The magnet cores and frames 
are of cast steel, and the poles are of lami- 
nated iron. It will be noticed from the 
illustration that the end shields of the motor 
are of a particularly open construction, 
affording easy access to the commutator and 
brush gear. The makers, who have had 
many years’ experience of the manufacture 
of these motors, have given special attention 
to the questions of efficiency and commu- 
tation, and it is their claim that the “M” type 
motor is absolutely sparkless under all con- 
ditions of load up to 25 per cent. overload. 
For controlling these motors, Messrs. Вгоаа- 
bent have introduced a double-pole quick- 
break starting switch, known as the “H?” type 
motor starter (Fig. 2). It is provided with 
a no-volt and overload automatic release and 
two fuses. 
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The other motor illustrated (Fig. 3) is the 
“ N " type three-phase motor of the squirrel- 
cage class, and, as is becoming usual nowa- 
days, the makers recommend the squirrel- 
cage motor for almost every class of work— 
for the reason that this class of motor is of 
higher efficiency and power-factor than the 
slip-ring motor, and it is, moreover, far more 
reliable in operation. Тһе * N " type three- 
phase motor is of strong mechanical design, 
all the parts being of liberal proportions. 
‘The stator has partially closed slots, this 
form of slot having been found to give the 
best results as regards efficiency and power 
factor. The coils are former wound and 
are partially insulated before assembly. 
In accordance with best modern practice, 
they are also separately treated with insu- 
lating varnish and “ stoved " at a high tem- 
perature. This method ensures a thor- 
oughly safe and permanently high degree of 
insulation, and is common practice nowadays 
with the leading makers—the old-fashioned 
hand winding being rarely used on account 
of its greater liability to breakdown of the 
insulation. The rotor cores are of the 
** iron-clad " or pierced type. Тһе rotor bars 
are lightly insulated—a practice which is not 
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BROADBENT Type “М” DiRECT-CURRENT Моток. 
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yet as common as it should 
be ; and special care is taken 
to ensure perfect low-resist 
ance short-circuiting connec- 
tions at the ends. 

Messrs. Broadbent's speci- 
fication of these motors indi- 
cates that the power factors 
and efficiencies test out very 
high, figures of the power 
factors and efficiencies of a 
few sizes being given in the 
table below. 

For operating these motors, 
a starter of special design has 
been evolved. Itis of triple- 
pole construction, the switch 
completely breaking the cir- 
cuit on each of the phases, 
so that a separate main switch 
is unnecessary. ‘The starter 
was originally of the change-over type ; but in 
order to be able to fit a no-voltage release to 
the starter, this type of switch has been dis 
carded in favour of the flat contact type, with 
a switch brush sliding overthe contacts. To 
meet the more exacting requirements of the 
present day, these starters are now made 
of the enclosed pattern. ‘The starter is ot 


N TYPE THREE-PHASE MOTORS. 


WOUND FOR 100, 200, AND 400 VOLTs. 
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the auto-transformer type. This method is 
much more economical than that of starting 
merely through ohmic resistances; the current 
at starting is less (with a loose pulley on the 
driven shaft, the starting current is only about 
two-thirds the full load running current) ; 
and the current taken is practically wattless, 
owing to the phase lag of the current with 
this type of starter. This motor starter is 
known as the “Т. Р.” type, and is made in 
four standard sizes, each of which may be 
wound for 100, 200, or 400 volts, as 
required. 

Single-phase motors, although not pos- 
sessing the practically unlimited overload 
capacity of continuous or three-phase current 
motors, are, nevertheless, very satisfactory 
machines, provided motors of sufficient 
power for the work required are installed. 
The “© №” type single-phase motors made by 
T. W. Broadbent, Ltd., are guaranteed to 
take a load 25 per cent. greater than their 
rated output without being pulled “ош 
ofstep." "They are very effective in starting 
up, and the makers have recently introduced 
an improvement in their design, by which 
they are able to start with a current not 
exceeding the full load running current. 
This marks a distinct advance in single- 
phase motor practice, as the starting current 
usually specified for single-phase motors has 
hitherto been one-and-a-quarter times the 
full load current. The starting current in 
these motors is, it may be remarked, almost 
wattless, even at this low figure. The 


Fic. 2. 


249 


Fic. 3. 


efficiencies and power factors are compara- 
tively high, being only a few per cent. less 
than those obtained with the three-phase 
motors. The “Р” type starters, for use 
with the “М” type single-phase motors, are 
enclosed ; they are of double-pole construc- 
tion, a separate main switch being thus 
unnecessary when these starters are used. 
These single-phase starters, being very simple 
in operation, may be trusted to the care 
of any inexperienced person without risk 
of injury. 

With regard to the probable cost of elec- 
tric driving it may be mentioned that with a 
small generator—either continuous or three- 
phase current—of, say, rookw. capacity, 
driven by a good high-speed condensing 
engine, the actual cost of producing electri- 
cal energy, after allowing for interest on 
capital outlay and for depreciation of the 
plant, works out at about 4d. per Board 
of Trade unit. This would be the cost 
where coal costs about 13s. per ton, but 
in districts where coal can be obtained 
more cheaply the cost would be rather less. 


<^ 
Electric 
Shipbuilding Berth. 


The accompanying illustration, Fig. 1, 
strikingly demonstrates the system of crane 
equipment for slips or berths of shipbuilding 
yards which has lately been introduced at 
a new shipbuilding yard at Dalmuir, near 
Glasgow. The constructional work for the 
berth was supplied by Sir Wm. Arrol & Co., 
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Ltd., and the cranes by Appleby's, Ltd., 
from their Glasgow works. The crane 
installation consists of the combination 
of overhead travelling cranes with side 
walking cranes, by means of which ship- 
building material can be most quickly and 
easily manipulated, the cranes being used 
either separately for different squads of men, 
or in combination for dealing with specially 
heavy loads. As will be seen from the 
illustration, the equipment consists of a 
number of lattice columns supporting gantry 
girders upon which the overhead cranes 
travel. The columns are rigidly held together 
by means of light cross girders, under which 
run the travellers commanding the whole 
area of the slips. The columns also 
carry rails or channels on which two or 
other number of ordinary walking cranes 
can run. These cranes are arranged at 
either side of the structure, and are so fitted 
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that their jibs can 
be swung round 
over a vessel 
under  construc- 
tion or to the side 
thereof. This ar- 
rangement has 
been found to 
satisfy all the re- 
quirements which 
experience has 
suggested, and it 
enables the mate- 
rial to be handled 
with the minimum 
delay, whereby the 
fitters or platers 
are regularly sup- 
plied with such 
material as and 
when required. 
The number of 
cranes which are 
employed in the 
Dalmuir installa- 
tion also enables 
an equivalent 
number of squads 
of fitters or platers to be continuously 
and efficiently employed, each crane being 
able to traverse the whole distance of the 
berth with its load. Furthermore, two or 
more cranes may be brought to bear upon 
an exceptional load. 

The lattice girders which connect together 
at the top of the vertical members, thus pre- 
serving the gauge of the crane gantry, may, 
if desired, be replaced by roof principals at a 
somewhat increased cost, and they can be 
roofed in with glass or other material, so that 
complete protection is afforded in all weathers 
during construction, and work can be pro- 
ceeded withuninterruptedly. Inthe particular 
equipment described the overhead travellers 
are electrically driven, and are proportioned 
for a working load of 15 tons, the span being 
108ft, and the total length of the gantry 
75oft. The walking cranes are also electri- 
cally driven, and are four in number, two on 
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each side of the gantry, each commanding 
an area of 3oft. radius. The overhead 
travelling cranes have a vertical lifting range 
of r14oft., and three motions of lifting, 
travelling, and traversing, each operated by 
separate motors arranged to run on a 
440-volt circuit. These motors are series 
wound, the lifting motor giving 50 brake 


horse power, running at 5oor.p.m., the 
travelling motor 3o brake horse power, 
running at 5oor.p.m., and the traversing 
motor то brake horse power, running at 
about 6oor.p.m. Тһе speeds attainable are 
as follow :— 

Liftmg, with full load, about дой. 
minute. 


per 
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Lifting, with no load, about rooft. per 
minute. 
Travelling, 
per minute. 
Travelling, 
per minute. | 
Traversing, with full load, about 22oft. 
per minute. 
Traversing, 
per minute. 


with full load, about 5ooft. 


with no load, about 7;5oft. 


with no load, about 35oft. 


<> 


50-Ton Electric Overhead 
Travelling Crane. 


The illustration on the preceding page 
shows one of three so-ton electric overhead 
travelling cranes recently erected by Messrs. 
Appleby's, Ltd. for a new shipbuilding 
yard on the Clyde at Scotstoun. These 
cranes are constructed to lift a working load 
of 5o tons on the heavy hoist and ro tons on 
the auxiliary hoist ; to run on rails distanced 
93ft. from centre to centre. 

The lifting zear consists of three reduc- 
tions of cast-steel spur gearing and a cast- 
iron barrel grooved in the lathe right-hand 
and left-hand. The auxiliary hoist is built 
independently of the main crab; it is self- 
contained and slung from one of the 
traverse wheel axles of the main crab and is 
driven through a double reduction gear of 
machine-cut steel spur wheels. The brake 
consists of a plain drum on the motor spindle 
gripped by means of a leather-lined steel brake 
band with weighted lever, released automatic- 
ally by means of a solenoid connected in 
series with the lifting motor. In addition to 
this an automatic mechanical load brake is 
provided. This device also acts as a speed 
regulator; it 1s totally enclosed and always 
flooded in oil. 

This brake is alone sufficient to sustain 
the full load, and the solenoid serves the 
purpose of an additional safeguard and brings 
the motor quickly to rest. Тһе traversing 
gear consists of two reductions of machine- 
cut spur gearing. The travelling 
wheels are of cast steel with machined treads. 


steel 
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The travelling gear consists of two reductions 
of machine-cut cast-steel spur gearing, the 
second motion in duplicate. The longitudinal 
shaft is driven by an electric motor at the 
centre. The travelling wheels are cast steel 
with machined treads, four in number, two 
on each side of the crane. АП bearings аге 
in halves with caps and gun-metal bushes. A 
platform is provided on each side of the 
crane running the whole length of the girders. 
The main girders are of the lattice type; 
they are further stiffened sideways Бу 
auxiliary or wind girders. 
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Siemens Electric 
Revolution Indicator. 


This apparatus is used for indicating the 
speed in revolutions per minute of an engine 
or other shaft at positions situated at a dis- 
tance from the shaft. It is claimed to offer 
many advantages over all other types de- 
signed for the same purpose, and embodies 
several features which make it eminently 
suitable for indicating on the bridge of a 
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vessel the speed at 
which the engines are 
running. 


The method of trans- 
mission is byalternating 
current, supplied by a 
special form of genera- 
tor, driven by chain 
gearing from the engine 
shaft, the indicators or 
receivers being volt- 
meters constructed on 
the well-known Ferraris principle. 

The transmitter is constructed so that the 
voltage generated is exactly proportional to 
its speed, a result obtained by employing a 
fixed armature and revolving a magnetic field 
composed of permanent steel magnets. This 
method does away with the necessity of slip- 
rings and contact-brushes, which are liable to 
introduce errors due to wear taking place, 
with a consequent alteration of the points of 
contact, and also to variation of the resis- 
tance of the contact surfaces, causing a 
difference of voltage. 

The Ferraris voltmeter, which forms the 
receiver or indicator, is the most accurate 
form of alternating-current voltmeter, and has 
the additional advantage of having a scale 
which extends over about 280 degrees, en- 
abling the divisions to be large and open. 
The turning force of this type of instrument 
is also very great, by reason of which the 
pivots and other moving parts can be of 
substantial construction. 

The transmitter, Fig. 1, is of water-tight 
construction, with very efficient lubrication 
to the revolving spindle. 

For turbine-driven shafts, where the turn- 
ing movement is uniform during a revolution, 
the chain drive is direct from the engine 
shaft, but for reciprocating engines the drive 
takes place through a regulator to ensure the 
speed of the transmitter keeping regular 
during a revolution. А flywheel is added to 
assist this. ‘The regulator is a form of spring 
coupling arranged as a countershaft which is 
driven by a chain from the engine shaft, and 
to which the transmitter is connected by a 


RECEIVER OF 
ELECTRIC REVOLUTION 
INDICATOR. 
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chain drive. The receiver or indicator, 
Fig. 2, is contained in a watertight case 
provided with lugs for fixing to a bulkhead or 
other support. Arrangements for illumina- 
tion are provided when required. 


> 


Siemens Electric Helm 
Indicator. 


This apparatus, which indicates on dial 
instruments on the bridge, or in other 
remote positions on the vessel where re- 
quired, the angle of the rudder, consists 
of a transmitter situated near the rudder 
stock, 'and connected to it by means of a 
pulley and special driving gear, and of any 
number of indicators or receivers placed 
where required and connected to the trans- 
mitter by a five-cored cable. 

The transmitter, Fig. т, 15 a form of switch 
or contact maker, which sends current to a 
group of magnets in the receivers, and 
causes their armatures to revolve and move 
the pointers in such a manner that they take 
up positions corresponding with that of the 
rudder. The driving gear by means of 
which the transmitter is connected to the 
rudder consists of a grooved pulley clamped 
on to the rudder stock, and to which are 
fastened flexible steel wire ropes connected 
by special spiral spring couplings to lengths 


FIG. 1 


TRANSMITTER Or ErrcrgRIC HELM 
INDICATOR, 
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of roller chains fitted to 

toothed wheels on the 

spindle of the transmit- 
\ ting switch. The spring 
couplings are provided 
to allow a certain move- 
ment of the rudder 
before the switch 15 
actuated : this, together 
with a form of escape- 
ment gear, ensures that 
the movement of the switch is definite from 
one set of contacts to another, thus avoiding 
sparking and other contact troubles. Two 
sets of ropes, springs, and chains are pro- 
vided, either of which is sufficient to do the 
driving of the switch. The switch is con- 
tained in a gun-metal case provided with a 
water-tight cover and separate terminal box, 
and mounted on a particular tvpe of steering 
gear. All parts are very accessible and of 
substantial construction. 

The indicator or receiver, Fig. 2, is a dial 
instrument, consisting of a gun-metal case 
with a water-tight front fitted with plate 
glass, and contains the magnetic motor for 
actuating the pointer. The dial over which 
the pointer moves is of opal glass for the 
purpose of affording internal illumination, 
and has on its surface the scale for indicating 
the movement of the rudder in degrees. 
The scale is of a very open and bold 
character, and embraces an angle of 120 deg., 
from *amidship " to “hard over." 

The internal illumination is provided by 
a lamp, fitted with a special water-tight 
fitting which enables it to be readily removed, 
and which makes contact to the terminals of 
the lamp when placed in position. 

The indicator case is provided with lugs 
for fixing to a bulkhead or other support, 
and has a polished front, and is fitted with 
water-tight cable glands. It can also be 
provided mounted on a column. 
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Electric Fittings for Ships. 


Since William McGeoch & Co., Ltd., took 
over their present works in Birmingham, over 
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a quarter of a century ago, they have been 
closely identified with the manufacture and 
design of all kinds of electric fittings 
fuseboards, switchboards, &c., for ships, and 
have made a speciality of this class of work. 
Of the very many examples of electric 
fittings which are required to serve the 
widely varying conditions of ship usage, 
those illustrated will serve as an index to 
the special designs which are called for in 
connection with marine work. Figs. 1 and 2 
show a strong water-tight guarded roof 
fitting, and a gunmetal guarded pendant 
respectively. The latter has been adopted for 
Admiralty work, although it should be said 
that the type has been slightly modified 
recently. 

Besides standard patterns of ship fittings 
and Admiralty fittings, a good deal of 
attention has of late years been given to 
the design and manufacture of special 
fittings for saloons, state-rooms, &c. Fig. 3 
shows a successful pendant, which is used 
without a glass, whilst Fig. 4 shows a fitting 
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which has been very widely adopted. As will They are of great advantage to passengers in 
be seen, it is a large ceiling fitting with an locating any particular room. Sign lanterns 
obscured glass cover. А favourite fitting is of this type have been supplied to the latest 
also the Gim- Cunarders, 
bal standard, Orient liners, 
such as shown &c., and are 
in Fig. 5, which very necessary 
is very suitable for all up-to- 
for state-rooms, date passenger 
45 it can be ships. Other 
used either for specialities in- 
writing tables, clude a large 
or for fixing on variety of cast- 
the walls. They iron hold fit- 
are necessary tings, cargo 
where there are Fic. 6. lamps and re- 
suites of rooms, flectors,  cast- 
embracing private writing and sitting rooms. brass water-tight signal lanterns, ship glasses, 

One of the latest developments of the cut crystal globes, and shades of all 
Company has been illuminated sign lanterns, 
of which an illustration is given in Fig. 6. 
The one shown is for fixing on the bulk- 
head, but they are also made for suspending. 
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kinds, also Admiralty lighting and bell 
material Fig. 7 is an illustration of a water- 
tight push for a single-stroke gong, which is 
made in gun-metal or aluminium. 

A speciality now being put on the market 
is the ** Wightman’s patent masthead flashing 
lantern and Morse key." ‘This lantern, 
owing to the arrangement of the lamps, 
can be used with a flashing key only and 
without condenser. This, of course, is a 
considerable saving in cost. A feature of 
the flashing key is that it has the Morse 
code on ground glass in the lid; this 15 
illuminated by a small lamp inside which 
indicates whether the main lamp is flashing 


properly or not. 
o 


Electrically operated Water- 
tight Doors. 

Naval construction has developed the 
water-tight bulkhead, which, when properly 
carried out, has saved many a ship from 
sinking or at least has enabled her to 
remain afloat for a  suffücient time to 
enable the lives of passengers and crew to 
be saved. In order that the ship may be 
conveniently worked, water-tight doors in the 
bulkheads are a practical necessity, and 
herein lies the possibility of danger. In the 
past, hand-worked water-tight doors, im- 
properly closed or altogether forgotten by 
the crew in the excitement of the moment, 
have in cases of collision or grounding 
entirely nullified the value of water-tight 
bulkheads, and in consequence many lives 
and much valuable property have been lost. 

It is desirable therefore that the human 
element should be eliminated as far as pos- 
sible in a crisis such as the above, and for 
this reason the long-arm system of closing 
water-tight doors has been developed ; after 
many years of experience of ships under sea- 
going conditions, with improvements made 
here and there as occasion has demanded, 
this system has been perfected in all its 
details, and is now in successful operation in 
a large number of men-of-war and other 
vessels. 
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General Requirements, 

The general requirements of operation for 
any system of water-tight doors may be 
summarised as follows :— 

They should be capable of 
operated— 

(a) Collectively or in groups from thc 
bridge by power. 

(^) Individually from either side of the 
door by power. 

(c) Individually from either side of the 
door by hand. 

With such a power door system, the 
captain or officer of the watch has the water- 
tight doors under his immediate control, and 
in cases of emergency can at once close all 
the doors in the ship without calling upon 
the crew, thus leaving the crew to carry 
out other important duties which are required 
when danger of collision or running ashore 
becomes imminent. 

It is essential that the emergency closure ” 
does not in any way affect the easy opening 
of the doors locally by power, when any of 
the crew wish to pass through them in carry- 
ing out their duties or in escaping from 
below. After passage through the doors 
in such a case, the doors must close auro- 
matically and not depend upon the attention 
of the crew in this most important feature. 
Means for working the doors by hand are 
also necessary in cases where the ship is in 
dock with steam down. 

Principal Features. 

The following are the principal features of 
the long-arm system as developed by the 
British '"Thomson- Houston Company, Ltd. 

(1) Zhe central emergency station for 
quickly closing all the water-tight doors at 
will. Thisis placed on the bridge, under the 
eye of the captain or officer of the watch. 
Indicator lamps are fitted to show at any 
time the state of each door (whether closed 
or open) and in case of local obstruction to 
point out the door to be cleared. 

2. The liberty action at each door, whereby 
a man at any door can open the door at any 
time during an "emergency period" (ге., 
when the emergency station is to “ оп”) for 


being 
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escape, the door immediately closing 
automatically after any such action 
without further manipulation either 
locally or from the emergency 
station. 

3. The automatic cut-out, at each 
door, whereby the power is con- 
tinually weighed during operation, ИГИ : F 
shutting off the current when an К: аиати» 
obstruction stops the doors, and 
automatically closing the circuit, 
and so resuming action the moment 
the obstruction is removed. Thus 7 
the danger of the apparatus being =r 


rendered inoperative by a burnt- 
out fuse is avoided. AMPERAGE BASED ON 100 VOLTS PRESSURE 


Fic. з DIAGRAM OF ELECTRIC CONTROL CONNECTIONS. 
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4. Water - tight Doors. — Тһе 
doors themselves are of the most 
improved type for effective opera- 
tion and water-tightness, each being 
provided with a 
specially designed 
electric motor and 
safety controller, 
whereby the door 
may be closed 
from the bridge, 
or operated locally 
from either side 
at any time. 


Fic. 2. THe ELECTRICAL GEAR OF THE Door. 
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Fic, 4. ELECTRIC WATER-TIGHT Door. 


Emergency Station. 


In order to close all doors 
and hatches of the ship from 
the emergency station, the 
emergency must be turned 
“on” in the following manner : 


1. Grasp the hand wheel at 


the rim and pull away from 
the cover of emergency station 
until the lug on the hand 
wheel clears the notch on the 
cover. 

2. Turn the hand wheel in 
the vigh/-hand direction until 
the lug passes over the notch 
projection. 

3. Let go of hand wheel 
and the device will, without 
further attention, close all 


solenoid circuits at about three-second 
intervals. 

Each door and hatch may be opened 
locally by the use of the controller 
handle described elsewhere, and as 
long as the emergency is “оп” they 
will re-close automatically as soon as 
said handle is released. 

To turn *off" the emergency :— 

1. Grasp the hand wheel and revolve 
in /eft-hand direction until the lug on 
the hand wheel strikes the notch pro- 
jection on the cover. 

2. Pull the hand wheel away from 
the case and rotate in the 4&/thand 
direction until the lug is opposite the 
notch. 

3. Release hand wheel and the lug 
will enter the notch on the case. 

The emergency station may be 
divided into three parts :— 

1. The switching mechanism for 
controlling the circuits running to each 
door or hatch gear for closing the door 
or hatch. 

2. The lamps to indicate the closure 
of each door or hatch. 
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Fic. 6. DOOR ARRANGED FOR TEST. 


3. The fuse box in which each wire enter- 
ing the emergency station is supplied with 
the proper fuse. 
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The switching mechanism does not start 
all doors operated by the emergency station 
at the same time, as this would require a 
large amount of current from the ship’s 
generator, especially in cases where a large 
number of doors are installed. The doors 
and hatches are, however, started one after 
another with an interval of about three 
seconds between them, so that the starting 
current for one motor will have died down 
to its normal running value before the next 
motor is started. | 

Owing to this “delay action” of 
emergency station combined with 
“automatic cut-out” on each door, the 
maximum horsepower required for the 
largest group of doors (twenty-four) is 
limited to about sh.p. for a time not ex- 
ceeding seventy seconds. The operation of 
a single door requires about jh.p. for about 
fifteen seconds. The “delay action” of 
the emergency station is controlled by a 
powerful spring and an escapement. 

In order to give proper warning previous 
to closing the doors, a gong is rung at each 
door; these gongs are automatically con- 
trolled by the emergency station, and 
commence ringing before any of the doors 
begin to close, and the effective closing of 
each door is indicated at the emergency 
station by alamp. After all the doors are 
closed all these lamps may be switched off 
at the emergency station if desired, and 
then it is only necessary to switch on the 
lamps to ascertain the state of each door. 

The door is a self-contained unit: the 
substantial bulkhead frame, which com- 
pletely surrounds the clear opening, acts 
as a bed-plate for the ел уе mechanism. 
All the operating gear, the motor and con- 


the 
the 


troller are contained in a caststeel power- 


box secured to this bulkhead frame. The 
power-box is supplied with water-tight covers 
for protecting the mechanism from injury, 
and for keeping it clean and íree from 
dust, &c. With such a construction it is 
impossible for any of the working parts to 
get fouled or out of alignment. 

'The local operation of the door by means 
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of the handle on the power-box is so simple. 
that an extended description is unnecessary 
The handle is normally held in mid-position 
by a spring, and to start the motor in either 
direction for opening or closing the door it 
is merely necessary to rotate the handle 
about its axis in the direction corresponding 
to that of the desired movement of the door. 
The door will respond and continue moving 
in the required direction only so long as the 
handle is held in the controlling position. 
The handle on being released automatically 
returns to the mid-position, and the 
emergency station if in operation will at 
once “take charge" and close the door 
again. The door can be worked locally 
from either side of the bulkhead. 


Water-tight Hatches. 


The water-tight hatch as illustrated has all 
he main features of the doors previously 
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described, the only difference being in the 
design of the gearing and locking arrange- 
ments. The gearing occupies very little 
space around the hatch opening and prac- 
tically none of the space in the clear 
opening itself. 


Portable Test Plate. 

A portable test plate can be supplied for 
each size of door fitted, and by this means 
the doors can be tested at any time for 
water-tightness under a head of water and 
any necessary adjustment made to ensure 
the door being tight. The leakage should 
not be more than 2} to 3 gallons per minute 
under a head of 2oft. 

An elaborate series of tests was devised 
by the U.S. Navy Department to ascertain 
whether these doors would close under all 
such conditions as might reasonably arise in 
practice, having particular reference to their 
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FIG. 9. 


ability to pass through coal distributed over 
the sill of bunker doors. 

For the purpose of the U.S. Navy Depart- 
ment's tests, the conditions existing aboard 
ship when the coal-bunkers are full and the 
doorways between the bunkers and the fire- 
room are open and choked with coal were 
reproduced. The test included also a repro- 
duction of the situation which would arise in 
the event of a hull puncture admitting an 
inrush of water sufficient to sweep the coal 
through the doors. 

Fanciful descriptions of © ponderous doors 
crashing through the coal" are responsible 
for much misconception as to the actual 
working of power doors under such con- 
ditions. As a matter of fact, no door has 
ever been built that would always cut 
through all the lumps of coal which might 
be in its path, and afterwards seat itself 
perfectly watertight. То be safe for the men 


(Noteworthy Plant.) 


261 


working in the fire rooms a door operated 
from the bridge of the ship must close 
reasonably slowly, so that the men will have 
ample time to get out of its way. 

In carrying out the tests of the U.S. Navy 
Department, the power door was secured to 
a steel box, see Fig 6, which was intended to 
represent a coal-bunker, and connected by 
a large pipe with a tank upon the third floor of 
the building. At the lower end of the 
pipe was inserted a valve for controlling the 
flow of water ; and alsoa gauge for measur- 
ing the pressure in the box, which could, if 
desired, be continuously maintained at 
15.2lb. per square inch (which is equivalent 
to a 35ft. head of water above the sill of the 
door). 

The box upon which the door was 
mounted was filled with coal which was 
allowed to run through the door opening in 
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the same way that it would if the door were 


opened from a full bunker. Large lumps of 
coal were mixed with the layer of all sizes 
(see Fig. 7). Before closing the door upon 
this mass of coal, fine dust coal was shovelled 
and thrown up all over the tighteners and 
the frame, in order that the conditions of 
the test might be as severe as possible. To 
make the coal dust stick in sufficient 
quantity the bulkhead frame and tighteners 
were covered with thin oil. 

The door was now closed from the bridge 
emergency station, the door plate cut 
through nearly all the coal, and the clear 
opening was almost completely closed when 
the automatic cut-out opened the circuit and 
stopped the motor. 

In order to make this closure through 
coal possible, it is essential that the door- 
plate should work freely in sliding up and 
down, and not be forced against the bulk- 
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head frame until it reaches nearly its final or 
water-tight position. 

At this stage (Fig. 8), the door-plate was 
forced away from the bulkhead frame by the 
pressure of the coal and the clearance space 
between the door-plate and bulkhead frame 
was largely filled with fine coal dust. 

After the door had closed into the coal, 
by the emergency station, and been stopped 
by the automatic cut-out, the water from the 
tank above was let into the box at the back 
of the door-plate and a head of 35ft. above 
the sill was maintained by adjustment of the 
valve. <A thin film of spray worked its way 
through the clearance space between the 
bulkhead frame and door-plate, and in some 
places the water succeeded in washing out 
the fine coal dust which had collected (Fig. о). 

At this time the actual leakage measured 
less than 75 gallons per minute. The water 
at the back of the door-plate soon worked 


its way down through the coal to the slight 


Opening at the bottom, and washed away 
the pile of coal in front, thus relieving the 
resistance to the thrust of the door plate 
which caused the automatic cut-out to throw 
in the current again, forcing the door to 
complete its closure (Fig. 10). 

If the skin of a ship were so punctured 
as to admit water to one of her bunkers, 
its inrush would reach but one or at most 
two bunker doors, and if these doors 
happened to be open when the accident 
occurred and their complete closure was 
prevented by large lumps of coal over the 
sill, the total leakage due to the catastrophe 
would be dangerous. But if the doors 
were arranged to ‘follow down” automati- 
cally, and completely close, the leakage 
would be inconsiderable and could be 
readily taken care of by the usual pumps 
installed. 

It was shown by the U.S. Navy Depart- 
ment tests that the cut-out gives to the door 
an almost human intelligence in its action 
when operated from the emergency station. 
For instance when the door closed into a mass 
of coal and struck lumps so large that it could 
not cut through them, the circuit to the 
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motor was opened;. but nevertheless the 
device was not inoperative, for when water 
got into the bunker and loosened the mass 
of coal beneath the door-plate, the pressure 
upon the plate was relieved, the circuit 
again closed, the motor again started, 
and complete closure of the door was 
effected as if the work had not been 
interrupted. 
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At the conclusion of the foregoing tests 
all the coal was cleared away by hand, and 
Fig. 11 shows the slight leakage under a 35ft. 
head of water. As proof of the extreme 
practical value апа efficacy of this 
apparatus, it is interesting to note that over 
nine hundred of the long-arm system of 
electric doors and hatches are in use in 
ships at sea. 
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THE most remarkable 
feature of marine en- 
gineering to-day is the 
threatened change in method of propulsion, 
and it would, indeed, be no indiscretion to 
predict that electric propulsion is destined in 
the very near future to firmly establish itself 
as the only permissible system for modern 
craft. "This sweeping revolution now pending 
is not the outcome of the momentary en- 
thusiasm of a too sanguine and none too 
practical inventor—there are many еп- 
gineers tackling the problem in detail, and 
their work has been in progress for years. 
Particulars of what has been accomplished in 
this direction up to date are given by Mr. 
Wm. P. Durtnall elsewhere in this number. 
Probably no one in this country has devoted 
himself so assiduously and successfully to 
electric marine propulsion as Mr. Durtnall ; 
that his labours in this connection are fully 
recognised is evident from the recent records 
of marine and shipbuilding societies — 
wherever matters of marine design and the 
engineering equipment of vessels have been 
touched upon, Mr. Durtnall has shown that 
the electric motor is the correct power 
engine to drive the propeller. The main 
reasons of economy, flexibility, and high ship 
speeds are dealt with in the contributed 
article in a very full and complete manner, 
and need not therefore be discussed here. 
It should, however, be borne in mind that 
the main factor which makes the introduction 
of main electric propulsion for ships so 
imminent rests more with the recent im- 
portant developments made in the design 
of prime-movers than in any particularly 
striking change in electrical motor design. 
Gas-engines, oil-engines, and steam turbines 
are the factors of to-day which are doing 
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more to change power engineering practice 
on sea as well as on land than any change 
in the electric motor. Light-weights, cheap 
power, smokeless operation, extremely large 
generating units, ease of control, and greater 
reliability are all features of the greatest 
significance nowadays in power work, and 
all obtained by combining the above recent 
forms of prime-movers with electrical gene- 
rating plant and motors. The power required 
on an ocean liner or first-class battleship for 
propulsion is enormous ; these vessels are 
each great steam power houses—their streets 
of boilers and colossal engines are in them- 
selves an enormous dead weight —the fuel is 
bulky, heavy, and expensive. One has only 
to glance at these oonditions as against those 
which might prevail when oil or gas is 
the fuel used direct in internal combus- 
tion engines, to realise that the prospect of 
such substitution is at least promising. To 
apply the power generated by internal com- 
bustion engines to the propeller shafts 
presents no difficulty when electrical trans- 
mission forms the connecting link, and also, 
of the greatest importance, the use of elec- 
tricity permits of the main generating plant 
being disposed in any convenient part of the 
ship irrespective of the propellers. There is 
no reason why with electrical propulsion the 
main power should not be controlled direct 
from the upper deck or bridge of the vessel, 
and there is no longer any necessity for 
funnels and top impedimenta. What these 
factors mean to a man-of-war, and perhaps in 
a lesser degree to an ocean liner, is self- 
evident. Other advantages rest in the fact 
that the electric current generated in bulk 
can serve in the best possible manner for all 
other power-requiring services on shipboard. 
As said, this conversion of ship power 
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entirely to electrical methods is imminent, 
and no subject is receiving greater attention 
from marine engineers and naval architects 
to-day. It behoves our manufacturers of 
large electrical plant to make a speciality of 
designing machines for this service and to 
prepare themselves for a branch of work 
which bids fair to be a vast field of industry 
in itself. As being the maritime nation of 
the world, the electric propulsion of ships is 
of the greatest import to this country, and 
doubtless everyone will read Mr. Durtnall's 
article with interest as, apart from its unique 
engineering value, it opens up a vista of vast 
commercial and political significance. 


Ар 


THE announcement that 
those electrical engineers 
who have to do with 
collieries and mines are to form an institu- 
tion or society of their own will meet with 
general commendation, for there is much 
need of a standard of proficiency being 
established in this sphere of electrical power 
work which entails such exceptional re- 
sponsibility. For their own protection and 
welfare these engineers require to have 
definite established qualifications, and it is 
very certain that the owners and managers 
of collieries and mines will encourage the 
innovation, for their troubles and anxieties 
have been frequent in the matter of “ elec- 
tricians.” 

The new institution is to be called “Тһе 
Institution of Colliery and Mining Electrical 
Engineers,” and is intended to comprise two 
classes of members : 

(1) Colliery and mining electrical 
engineers, and (2) members of the Institu- 
tion of Electrical Engineers who join for 
professional purposes only. 

The following rules have been drafted to 
apply to the former class of members, and in 
the case of the latter class rules 1, 2, 3 and 4 
will not apply :— 

I. That each member must have been in 
charge of a colliery or mining electrical plant 
for at least one year, or have worked as 
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assistant for at least two years previous to 
application for membership. 

2. That each member shall be prepared 
to give a satisfactory reference or testimonial 
from present or past managers. 

3. That each member shall be thoroughly 
acquainted with the Mines Regulations Acts, 
1887, 1888, and 1896, relating to Electricity 
in Mines. 

4. That each member must be prepared 
to pass a practical examination on Electrical 
Work by the Institution in order to hold 
a certificate of competency given by the 
Institution. 

5. That no new member shall be ad- 
mitted-unless the Committee are absolutely 
satisfied that he is thoroughly experienced 
and fully competent to take charge of any 
colliery or mining plant. 

6. That the Committee have the right to 
terminate a membership upon thorough 
investigation of wilful neglect of his duties 
or incompetency, or through any actions 
discreditable to the Institution. 

7. That all the members shall work 
together for the benefit and goodwill of the 
Institution and other members. 

The proposal is to hold meetings at 
various centres for lectures and discussions, 
and for hearing practical suggestions from 
members, one of the objects being to keep 
up a high standard of efficiency in workman- 
ship and materials best suited to colliery 
and mining electrical work. So that there 
may be local representations in each mining 
section of the United Kingdom, the Com- 
mittee members are appointed from various 
districts. A register will be kept of members 
who desire to change their situations in order 
that they may be recommended to colliery 
managers who are requiring competent men ; 
several colliery managers have already 
signified their willingness to support this 
branch of the Institution work. We under- 
stand that a number of prominent men have 
undertaken to join the Institution as members, 
and Committee members have been chosen 
for Yorkshire, South Wales, and Lancashire. 
The honorary secretary and treasurer (270 
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fem.) is Mr. J. Williams, of the Moresby 
Coal Co., Ltd., Whitehaven. 

It has not yet been decided where the 
headquarters of the Institution will be, but 
an inaugural meeting has already been 
fixed to be held in Manchester on April 
24th. When the Institution. gets into 
working order papers will be read in 
different towns at a centre of each mining 
district, and it is proposed that a monthly 
record should be sent to each member, con- 
taining reports of the meetings and papers. 
The subscription has been fixed at £1 15. 
per annum. 

Ар 


From the fact that it will 


Wireless wee 
Telegraphy and SOON be essential Бу law 
Telephony for all passenger steamers 
at Sea. 


to carry wireless telegraph 
outfits, there are few electrical matters of 
the day which are of greater attraction 
to the general public. Mr. Maurice Childs, 
the author of the article in this number on 
wireless telegraphy as used on board ship, is 
connected with the London ‘Telegraph 
Training College, and is not only well versed 
in the technicalities of his subject but is 
fully alive to its commercial side. The 
striking feature of wireless telegraphy for 
ships, as demonstrated by Mr. Childs, is the 
remarkable cheapness of the apparatus 
necessary for a complete installation which 
will efficiently serve for distances up to 300 
miles or so. ‘The simplicity of its operation 
is also a point well brought out, and ship- 
owners who have been deterred from taking 
up the system on the score of its complexity 
and expense will do well to enquire more 
closely into the real merits of the wireless 
telegraph, which has now proved an entire 
commercial success, for navigation purposes 
at all events. 

The round-the-world cruise of the Ameri- 
can fleet afforded an extended opportunity 
for proving the respective values of the 
several new devices for coinmunication at 
sea between ships, and some reports of the 
results are available. The methods included 
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the semaphore, the submarine signal bell, 
the wireless telegraph, and the radio-tele- 
phone. Each of these proved successful 
from various view points, and under suitable 
conditions. 

The wireless telegraph proved its value 
many times where great distances had to be 
covered, but the latest of all methods, the 
wireless telephone, is reported to have more 
than filled the expectations of the officers of 
the fleet. Its low power was often drowned 
out by the more dominant telegraph, but 
properly attuned speech is a factor that 
secms destined to fill a still more important 
part in communication at sea. 


Ар 


UNDER this name а new 
insulating material was 
introduced to the public 
at a recent meeting of the American 
Chemical Society, by Dr. Baekeland, and 
for which so many highly valuable electrical 
and mechanical properties are claimed that 
it demands the attention of electrical 
designers and manufacturers. ‘The details 
of its manufacture are postponed publica- 
tion until the discoverer presents a further 
paper before the American Electrochemical 
Society next month. So far, we have been 
told that it is a coal-tar product, resulting 
from reactions between formaldehyde and 
phenolic bodies under exceptional con- 
ditions of pressure. It is this latter feature 
of the inventor's research work which has 
led to the unique discovery of ** Bakelite." 
The material is said to combine the best 
electrical features and properties of amber, 
ebonite, and celluloid. Although not 
as flexible as the last two materials, it is 
harder and stronger, and resists heat, all 
solvents, and most chemicals ; it is also 
considerably cheaper. It is insoluble and 
infusible, and does not soften even at a 
temperature of 350° C. At the temperature 
of melting glass it chars, but does not fuse. 
It is made both transparent and opaque, 
and can be mixed with filling materials such 
as asbestos, clay, or wood-pulp. Electric 
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machine windings impregnated with the raw 
material and heated under pressure becoine 
encased in a hard, infusible insulating mass. 
The material is also used for making 
moulded insulators, which exhibit great 
‘strength mechanically and dielectrically, and 
also withstand high temperatures without 
softening. Inexpensive soft wood can be 
impregnated with the material and becomes 
as hard as ebony, a good insulator, and rot- 
proof. A coating of the material also gives 
a beautiful finish to wood, which is not 
affected by boiling in water, solvents, or 
chemical solutions. It has also been used 
for making self-lubricating bearings which 
can be moulded to shape and size; and 
it is also applicable as а piston packing 
owing to its capability of withstanding high- 
pressure steam and chemicals. 


A 


Physical Injuries The March number of 


Attending * Archives de Médecine 
Wireless Telegraph Navale?” contains an 


adici article by Dr. P. Bellile 
referring to the experiences of telegraph 
operators on the battleship Descartes, which, 
during the recent Tangiers Expedition, was 
called upon to undertake an exceptional 
amount of wireless correspondence. 

The operators frequently complained of 
trouble with their eyes and disturbances of 
vision, and the author believes that this was 
due to the effect of the rays emitted by the 
spark employed for transmitting in the case 
of wireless instruments, being analogous to 
the well-known effect of incautious exposure 
to the naked arc.light. 

In several cases defective visual acuity 
was experienced, and was ascribed to actual 
malformation of the eye lens arising from the 
action of these rays; so clearly did this 
injury appear to be due to the occupation of 
the sufferers, that a certificate to this effect 
was actually granted. Other symptoms were 
the appearance of a form of eczema on the 
hands and wrists of operators, and palpitation 
of the heart and other nervous ailments. 
In addition, one man suffered such a marked 
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deterioration in eyesight as to exclude him 
from readmission to the service, and yet no 
actual physical injury could be traced in the 
eye to account for this defect. 

The author suggests that the short, thick 
spark used in wireless apparatus, being par- 
ticularly rich in ultra-violet radiation, is 
directly responsible for eye-trouble ; con- 
tinuous exposure to such sources, he thinks, 
may ultimately lead to deep-seated defects 
such as atrophy of the optic nerve. It is 
therefore proposed to provide operators with 
special forms of spectacles devised to absorb 
the objectionable radiation. 

The question is raised as to whether the 
actual wireless electro-magnetic waves may 
not exert some injurious physiological action 
on those constantly living in their neighbour- 
hood. Тһе existence of such waves, easily 
conducted as they are by the metal frame- 
work of battleships, is readily demonstrated 
to those on board by the fact that sparks can 
often be drawn from the finger while the wire- 
less apparatus is working. ‘There are certain 
indications of nervous ailments on the part 
of sailors that have given some concern of 
late years, and these may prove to be due to 
this cause. 

As the author remarks, it is singularly 
unfortunate that each development in physi- 
cal science seems to be attended by the 
ultimate recognition of some at first un- 
suspected source of physiological injury, 
to be guarded against. This has been found 
to be true of other rays, and experience 
seems to be now demonstrating a corre- 
sponding quality on the part of the electro- 
magnetic telegraphy waves. 


А0 


The new electrically- 

веты driven reversing steel 
rolling mills recently put 

to work at the works of Sir Alfred Hickman 
at Dilston have proved completely success- 
ful A 30in. cogging mill and a 24in. 
finishing mill are now in operation. "The 
main power is generated by gas engines 
working on blast-furnace gas. The generator 
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current is supplied to a fly-wheel load 
equaliser consisting of a motor mounted on 
a common shaft with two cast-steel fly- 
wheels, each weighing 32 tons, and running 
at a speed of 3oor.p.m. Upon this shaft 
there are also two generators, one of which 
actuates a motor which drives the cogging 
mill, and the other a motor driving the 
finishing mill. The engine power is only 
about roooh.p., but the reserve stored up 
in the fly-wheels is sufficient to develop 
12,000h.p. for short periods when required. 
The action of the mills is reversed simply 
by moving a lever, and the whole machinery, 
running at i20r.p.m., is reversed in about 
six seconds from full speed in one direction 
to full speed in the reverse direction. 


Ae 


THE development of steel 
beits for heavy power 
transmission service is of 
more than passing interest to electrical 
power engineers. Valuable particulars have 
recently appeared concerning the develop- 
ment of the Eloesser-Kraftband-Gesellschaft, 
of Berlin, in this direction. 

As would naturally be expected, the joint 
or splice of a steel belt is one of the critical 
features. The joint construction used by 
this firm consists of two steel plates, an 
under and an upper, between which the ends 
of the belts are joined. These plates taper 
from a thickened section at the centre to 
comparatively thin edges. Both the plates 
are shaped to a circular arc, whose radius is 
equal to the radius of the small pulley on 
which the joint is to be used. Thus, for a 
given joint there is a minimum limiting 
diameter of pulley on which it can run, but 
no similar maximum limiting diameter. 

The belt itself is made of a uniform 
quality of steel of an even thickness and 
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is tempered. The ends are carefully 
brought together, fitted and soldered with 
a special solder that flows at a comparatively 
low temperature. This joining is then 
placed between the two plates and these 
plates fastened together by means of screws. 

A number of interesting claims are made 
for these belts. "Three of the most striking 
are: The small amount of slipping of the 
belt on the pullev, given in figures as less 
than r-1oth of one per cent.; the narrow width 
of the belt compared with leather belts, the 
proportion being about 1 to 5 ; and the great 
speed at which these belts can be run, given 
as 100 metres per second, or say 19,000 feet 
per minute. This latter figure is striking if 
we compare it with the factor usually given 
for leather belting as 4000 feet per minute. 
It is very common to run these steel belts 
at a speed of 5o metres per second, or say, 
roughly, 10,000 feet per minute. 

Other minor advantages which are really 
dependent upon the three major ones that 
we have pointed out are: A narrower and 
lighter pulley for given service, a lighter and 
smaller shaft, a reduction of the strains upon 
bearings (thereby a reduction of the size of 
bearings, and in many cases—especially on 
electrical machinery —the elimination of 
outboard bearings), a saving of room through 
a reduction of the general dimensions of 
machinery, avoidance of temperature and 
humidity effects (thereby a lessening of the 
required attendance), and, in case the belt is 
applied to existing pulleys, the possibilitv of 
using the pulley face for other belts. . iis 
last feature is particularly true of portable 
engines. 

Because of the high permissible speed 
these belts have been adapted in many cases 
to electrical machinery, both generators and 
motors, and to gas engines. They have also 
been used for driving belts in machine shops 
and other manufacturing establishments. 
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ENGLAND TO INDIA BY DIRECT TELEGRAPH. 
OP 


T was Kipling who wrote in his “ Ballad 
of East and West” that 
East is East, and West is West, and never 
the twain shall meet 
Till earth and sky stand presently at God's 
great judgment seat— 


which only goes to show that Kipling and 
the Indo-European Telegraph Company, 
Ltd., look at the 
problem of the 
Far East from 
different points 
of view. On 
Saturday, Janu- 
ary 23rd of this 
year, Madras and 
Manchester, 
Rangoon and 
Liverpool were 
linked by a sys- 
tem of direct 
telegraphic trans- 
mission. At a 
demonstration at 
the London sta- 
tion of this tele- 
graphiccompany 
a message was 
received from 
Karachi (5342 
miles) at the rate 
of forty words 
per minute, fol- 
lowed by a tele- 
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gram from Calcutta (6967 miles) at fifty 
words per minute, which was automati- 
cally retransmitted to Liverpool and Man- 
chester. Then came a directly transmitted 
message from Bombay (6562 miles): this 
was succeeded by messages received from 
Madras (7356 miles) and Rangoon (7970 
miles). The last-named was rightly regarded 
as а particu- 
larly noteworthy 
achievement, 
owing to the diffi- 
culties from an 
electrical point 
of view pre- 
sented by much 
of the 1000 miles 
of country be- 
tween Calcutta 
and Rangoon. 
This is the com- 
mencement of a 
speeding-up of 
telegraphy to our 
Indian Empire 
which is of con- 
stant and vital 
importance. 
The Indo- 
European Tele- 
graph Com- 
panys lines, 
starting from 
London, pass to 
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Lowestoft, and, passing along the bed of the 
North Sea for about 250 miles, emerge at 
Emden to enter upon their long overland 
route stretching through Berlin, Warsaw, 
Rowno, Odessa, skirting the Black Sea by 
way of Kertch, and passing into Asia by way 
of Suchum, Tiflis, Ta- 
briz, on to Teheran, 
38co miles having 
been covered up to 
that point. In 1907 
Mr. H. A. Kirk, the 
Director-in-Chief of 
the Indo- European 
Telegraph Depart- 
ment of the Indian 
Government, insti- 
tuted a land tele- 
graphservice between 
Teheran and Karachi 
by way of the Belu- 
chistan frontier, which 
promised a valuable 
alternative route to 
the existing mixed 
system of land lines 
and cables between 
the same points via 
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Ispahan, Bushire, and 
the Persian Gulf 
cable. Karachi is the 
tapping point for the 
Indian Government 
telegraphs, and there 
is now therefore a 
complete land - line 
system of communi- 
cation between the 
great cities of India 
and our own impor- 
tant centres. 

When it is stated 
that direct working 
has been established 
between London and 
India, this means that 
there are no interme- 
diate те - transmis- 
sions; the London 
signals come out instantaneously in India. 
This constitutes a world's record for direct 
telegraph work, and is due to the combined 
industry of the Indo-European Telegraph 
Company and of the Indo-European Tele- 
graph Department of the Indian Government. 
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The accomplishment 

of this object, al- 

though it may appear } 
very simple on paper, 
has taken years of 
patient work. Mr. 
T. W. Stratford- 
Andrews, the manag- 
ing director of the 
Indo-European Tele- 
graph Company, in- 
troduced at first 
Wheatstone working 
over short sections of 
the Company’s line, 
the system being ex- 
perimentally, intro- 
duced on the Odessa- 
Teheran section in 
the summer of 1807. 
The experiment showed that signals could be 
satisfactorily transmitted in both directions on 
this section, and as the clerks became efficient 
in punching the slip and certain alterations 
were introduced at the relay stations Teheran 
could block Odessa with homeward messages. 
Тһе Wheatstone system was then introduced 
on the Odessa-Emden section, and the two 
sections were then amalgamated by working 
direct from Teheran to Emden. It was 
found, however, that this blocked the Emden 
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to London section, and the necessity of 
further extension of the Wheatstone working 
was obvious. Before, however, this could 
be done on the Emden to London section 
it was necessary to show the German and 
English postal authorities that no disturbance 
would be caused by induction to the other 
circuits in the cables between Lowestoft and 
Norderney and Borkum respectively. This 
was because the company only used one of 
the conductors in each of these cables. After 
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tests had clearly demonstrated the íact of 
non-interference experiments were made 
between London and Teheran, a distance of 
about 3800 miles, which showed conclusively 
that direct Wheatstone working could be 
thoroughly relied upon, and the system was 
finally introduced on January rst, 1903, 
doing away with the original two re-trans- 
missions at Emden and Odessa. 

The next step was the transmission of 
messages arriving in London from Teheran 
by relay direct to Liverpool and Manchester 
respectively, instead of gumming the slip in 
London and re-transmitting it by Morse, and 
the signals arriving in these places were as 
clear as under the previous arrangement. 
Manchester and Liverpool stations were 
enabled to exchange their messages direct 
with Teheran, a distance of about досо 
miles, and key-work on the company's system 
is thus practically abolished except for the 
purpose of repetition, checking the number 
of messages sent and making any corrections. 
'The number of relays in operation on this 
line between London and Teheran are ten, 
these being automatic with systems of trans- 
lation which necessarily differed according to 
the date of introduction, and the varied re- 
quirements and conditions of the different 
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sections of the line. 
The relays are of the 
Post Office standard 
“B” type, manufac- 
tured by Messrs. 
Siemens Brothers, 
and the Siemens 
relay with improve- 
ments added by the 
Indo-European Com- 
pany. A Wheat- 
stone receiving in- 
strument is placed in 
shunt with the relays, 
and by putting this 
in circuit the clerks 
are able to maintain 
a perfect system of 
control. Provided 
that the line is in 
good electrical condition after the marks 
leave one station perfect, and the clerk at 
the next station finds the marks faulty, he 
knows his regulation is at fault, and is able 


Fic. 6. Роге Ілме IN THE Мірѕт oF RUINED 
BAZAARS AT TABRIZ. 


Ihe ELECTRICAL MAGAZINE. (Direct Telegraph to India.) 


to adjust his relay 
until the marks on 
his slip are perfect. 
In order to esti- 
mate the value of the 
physical difficulties 
overcome, it is neces 
sary to examine in 
some further detail 
the nature of the 
ground traversed. 
From London to 
Lowestoft the com- 
pany land 
wires, which are 
leased from the 
General Post Office. 
At the latter station 
these wires are con- 
nected, one with a 
conductor in the 
Norderney cable,and 
the other with one 
in the Borkum cable. 
These two circuits 
connect Lowestoft 
with Emden on the 
coast of Germany. 
From this point Ger- 
many is 
by land wires leased to the company by 
the German Government. As Germany 
is of course a highly civilised country no 
particular features of interest in the way 
of mechanical or electrical difficulties attach 
themselves to this portion of the route. At 
the Russian frontier, near Thorn, the 
German State wires are connected to 
special lines passing through Warsaw and 
Rowno to Odessa, and thence through the 
Steppes and the Crimea to the Straits of 
Kertch, this line being erected in 1868 by 
Messrs. Siemens Bros. ‘Three submarine 
cables conduct the circuit across the Straits 
and the lines then pass through thick forests 
and rugged country along the North Eastern 
coast of the Black Sea to Tiflis. Passing 
south the boundary between Russia and 
Persia is at Djoulfa. From the frontier a 
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stretch of desert land is passed en route to 
Tabriz, the old capital of Persia, and thence 
to Teheran. In the Caucasus the chief 
difficulty in line maintenance is the dense 
nature of the forests through which it passes, 
rendering a constant system of maintenance 
and forest clearing necessary, and a rather 
extraordinary cause of contact is the immense 
flocks of wild geese which periodically 
migrate. ‘The most annoying trouble, how- 
ever, Is a very severe form of hoar frost, 
called **reifeis," which collects on the wires 
and even forms a sheet of ice from one 
conductor to the other. When this is 
accompanied by wind the wires are broken 
and even the iron posts are bent down, 
and the spacing between posts has had to 
be considerably reduced, adding to the 
capital cost of the line. In Persia the 
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difficulties that have been met with are due 
chiefly to the unsettled state of the country. 
As is well known, Tabriz, through which 
the company’s lines pass, has been in a state 
of siege for months, and communication has 
been repeatedly interrupted in the encounters 
between the two op- 
posing parties. It is 
only with the greatest 


difficulty that the 
company's staff, at 
great risk to their 


lives, have been able 
to keep communica- 
tion open. Owing 
to the destruction of 
the lines by the at- 
tacks of warring fac- 
tions at Tabriz, a 
special line skirting 
the town had to be 
constructed, but it 
has been found that 
both the revolution- 
ary and constitutional 
parties have regarded 
the line with a certain 
amount of respect, as 
they appear to appre- 
ciate the advantages 
of | communication Fic. 10. 
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with civilisation. However the insulators 
offer a mark for the wandering troops 
of Persia to practise upon, and their 


skill with. the rifle, together with the large 
round bullets which they employ, do a con- 
siderable amount of damage to the insulators. 


PASSING THROUGH Forest COUNTRY NEAR PSOU. 


The ELECTRICAL MAGAZINE. (Direct Telegraph to India.) 


A series of control stations are maintained 
along the entire length from the Russian 
frontier to Teheran, and in the more dis- 
turbed sections these stations are spaced 
only some twenty to twenty-five miles apart. 
Whenever a fault occurs, whether from 
natural or human causes, the controllers of 
the station affected are ordered out to 
remove the trouble at once, and in some 
cases this constitutes a matter calling for 
their utmost tact and energy. 

Mention was made above of the land line 
constructed by the Indian Government 
between Teheran and Karachi. Between 
these two points there are three further relay 
stations which transmit the messages auto- 
matically, while communication between 
Karachi and Calcutta is maintained through 
a further relay at Agra. The final point in 
the development was reached when the 
manual re-transmission, which was before 
necessary at Teheran between the Govern- 
ment section and the Company s section, was 
done away with on January 23, and Wheat- 
stone working can now be carried on auto- 
matically from points as far away as Calcutta 
and Bonibay direct to Manchester and Liver- 
pool, though as a matter of expediency in 
direction of the traffic the daily direct work- 
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ing is limited to the section London (Man- 
chester and Liverpool)—Karachi. It is 
found at present that one through wire is 
capable of transmitting and receiving all 
telegrams between India and this country, 
a second wire being used for Continental 
and local traffic. Not only has the time of 
transmission been reduced practically to a 
minimum, but traffic is not affected by short 
interruptions to anything like the extent 
which occurred on the old system, inasmuch 
as owing to the great speed at which com- 
munication can be made messages are 
punched during the intervals of interruption 
and are transmitted in long strings at a 
rapid rate, as soon as communication is 
restored. The messages to be sent are 
punched automatically by telegraph operators 
on to a paper tape which is run through the 
transmitting instrument. At the first relay 
station signals bring a fresh battery into work 
in synchronism with their impulses, and thus 
the signal is re-transmitted automatically to 
the next station. This is carried on through 
a series of thirteen stations until the signal is 
finally recorded in Morse script at the 
receiving end. 

We have pleasure in showing a series of 
photographs which illustrate among other 
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things the type of country through which the 
line passes. No special features of interest 
occur until the stepping-off point at Warsaw is 
reached, and Figs. 1 and 2 illustrate the instru- 
ments room at Warsaw. Fig. 3 shows the 
pole line constructed at Ekaterinodar on the 
North East coast of the Black Sea, while 
Fig. 4 shows the exterior of the station at 
Suchum. Fig. 5 shows the line as it passes 
across the frontier at Djoulfa, while Figs. 
6, 7 and 8 show typical views near Tabriz. 
Figs. 9 and 10 give some impression of the 
forest country through which the line has to 
pass, the former being a view near Gudaut 
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station and the latter near Psou station. 
Fig. 11 shows the Bsip river, near the Indo- 
European Telegraph Company's station, the 
company’s line passing in the form of a long 
steel strand across the gorge. 

These sufficiently well indicate the diff- 
culties which would have to be encountered 
in making it possible to communicate with 
the Far East, and Mr. T. W. Stratford- 
Andrews, whose photograph we have pleasure 
in reproducing at the beginning of this 
article, may be complimented on the energy 
and enterprise of the company of which 
he is managing director. 


THE USE OF SYNCHRONOUS MOTORS FOR 
POWER FACTOR CORRECTION. 
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HE use of synchronous motors for 
power-factor correction has proved 
in the majority of cases to be the 

cheapest solution of the problem of over- 
coming the bad effects of the large wattless 
currents which are inseparable from alternat- 
ing-current power circuits, and for this reason 
these machines now play a most important 
part in the economical working of power 
stations. It will be generally admitted that it 
is not a difficult matter to find modern plants 
operating at a combined power factor as low as 
70 per cent., so that an economical method 
of raising the power factor is highly desirable 
in such cases. 

Before dealing with methods of calculating 
the capacity of synchronous motors required 
for any given supply circuit, it will be well 
to consider the working conditions which 
give rise to a low power factor in the system. 
As is well known, a low power factor is 
caused by leading or lagging currents— 
generally the latter - in the circuit, and one 
of the chief sources of a low power factor is 
the supply of power to induction motors. 
The current taken by these machines 15 
made up of two components : (a) an energy 
component which 15 in phase with the 
applied voltage and gives true energy ; 
(^) an inductive or magnetising component 
which lags godeg. behind the impressed 
voltage, and, being wattless, gives no energy. 
'This wattless component is the cause of a 
low power factor, which in turn is the cause 
of (1) bad regulation of the supply circuit 
due to the demagnetising effect of lagging 
currents on the generator field ; (2) an in- 
crease in the heating losses in the generator 
and transmission circuits, the generator 
losses being increased owing to the fact that 


it 15 necessary to increase the generator field 
current above the value required to give any 
particular load amperes at unity power factor, 
when the same current is required at a lower 
power factor. А large wattless current in 
the system will therefore greatly increase the 
generator output necessary for a given 
amount of true power. The working vector 
diagram of an induction motor is shown in 
Fig. 1, in which AC represents that portion 
of the total current which lags behind the 
applied voltage AV by the angle $. Ifa 
perpendicular be dropped from C,, then AC 
will represent the energy component of the 
current, which is in phase with AV, and 
CC,, the wattless component which lags 
godeg. behind АУ, the power taken by 
the motor being = AV x АС The power 
factor of the system supplying such a 
load may be raised to unity if the wattless 
component CC, is neutralised, and this can 
be effected by introducing a leading current 
CC; into the circuit. ‘The total current in 
the circuit will then be the load current AC, 
and as this will be in phase with the applied 
voltage, the power factor will be unity. Ав 
already stated when dealing with the operat- 
ing characteristics of a synchronous motor in 
these columns (see ELECTRICAL MAGAZINE, 
February, 1909), it is possible to run such a 
machine with a leading current by varying 
its excitation, and this fact at once suggests 
a method of improving the power factor of 
a transmission system which supplies an 
inductive load. This method of compensat- 
ing for the large wattless currents inseparable 
from such a load consists of installing a 
synchronous motor at the receiving end of 
the line and adjusting its excitation until the 
leading current taken by it exactly balances 
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the lagging currents taken by the load; that 
is, if the power factor is to be raised to unity. 
The lagging currents duc to the load will 
then only flow in the local circuit formed 
by the synchronous motor and the load, 
while the load current will be exactly in 
phase with the voltage of the system. When 
a synchronous motor is installed at the 
generating end of the line, although it will 
reduce the wattless currents on the generator, 
it will not improve the working conditions 
of the transmission line, which cannot be 
neglected for the following reasons :— The 
effect of large lagging currents and conse- 
quently a low power factor in the system is 
to increase the line drop for any given value 
of true power ; also, the line loss due to the 
increased current caused by a low power 
factor increases as the square of the total 
current, so that the line loss increases in 
much greater proportion than the decrease 
in the power factor. 

There are two methods of using a syn- 
chronous motor for compensating purposes ; 
viz, (1) by running the machine light and 
excited to give a leading current ; (2) by 
running the machine for improving the 
power factor and at the same time making 
it give out mechanical power. When con- 
sidering the advisability of employing a 
synchronous motor for improving the power 
factor, the following questions arise :— 

1. What advantage is to be derived, so far 
as correcting the power factor and its 
effect in reducing the generator load is 
concerned ? 
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2. What is the advantage in makiny the 
motor give out mechanical power in addition 
to correcting the power factor ? 

3. What is the most efficient value to 
which the power factor should be increased ? 

The first question is important in the 
case of small plants where, generally speak- 
ing, it is more economical to install genera- 
tors having a kilo-volt-ampere rating at the 
power factor likely to be obtained on the 
system, and especially is this the case where 
a motor could only be run light. without 
delivering a mechanical output. As regards 
the second question, power factor correction 
is most economically carried out when there 
is à mechanical load available for the motor: 
but in some cases, however, this economy 
is gained at the expense of good operating 
conditions. On the other hand, when a 
motor is not mechanically loaded, its 
capacity required for obtaining unity power 
factor in a system would be very large com- 
pared with the increase in the capacity of 
the plant due to the increased power factor. 

As regards the most efficient point to 
which it is best to raise the power fuctor, it 
is not advisable to raise its value higher 
than 95 per cent. from the point of view of 
economy. The combined power factor of 
plants supplying an induction. motor load 
varies from about 60 per cent. to 80 per 
cent. and, in many cases of a low power 
factor, this is generally due to motors being 
under-loaded. 

Having briefly considered the question of 
low power factor in systems and its bad 
effects on the operating conditions of the 
same, it will be of interest to consider some 
methods of graphically determining the 
capacity of synchronous motors required to 
raise the power factor to various values 
under different operating conditions, and for 
this purpose the following examples are 
given: – Suppose sook.v.a. is delivered to a 
circuit at 70 per cent. power factor, which is 
to be increased to unity, and it is required 
to find the capacity of the synchronous 
motor to be used for this purpose. These 
conditions may be represented graphically 
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by the diagram in Fig. 2, which is an adap- 
tation of that given in Fig. 1. 

Referring to Гір. 2 the 5ook.v.a. load on 
the generator is represented by AD, which 
represents the direction of the current, and 
as the power factor of the load is 7o per 
cent, the true power delivered will be: 
500 X .7 = 350kw., this being represented 
by BC, which also gives the direction of the 
voltage. The wattless component of the 
load: = J/soo" — 3507 = 357kw., and as 
this is lagging godeg. behind the applied 
voltage, it is represented by AC. If the 
power factor 15 to be increased to unity, it 
is necessary to neutralise this wattless 
lagging component by introducing an equiva- 
lent leading component into the circuit, and 
as this component is godeg. ahead of the 
applied voltage as regards its phase it will 
be 180deg. from AC and represented by 
CE. If the loss in the motor is taken as 
10 per cent. of its rating, which in this case 
equals 36kw., this is represented by CD, 
being in phase with the true power in the 
circuit. ‘The total input to the synchronous 
motor will be equal to the vector sum of its 
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leading wattless and power components CE 
and CD, that is 4/357? + 36: = 359kw., 
which represents the capacity of the syn- 
chronous motor required to raise the power 
factor from 0.7 to unity. 

In this example the motor would simply 
be running light on the circuit without doing 
any mechanical work, and besides increasing 
the power factor to unity, it would reduce 
the load on the plant by 500 — (350 + 36) 
= 114kw.; so that its value would be = 
500 — 114 = 386kw. It will be seen that 
the increase of rr4kw. in the capacity of 
this plant has been gained at the expense of 
installing a synchronous motor having a 
capacity of 359kw., so that the capacity of 
the motor is very large compared with the 
increase in the capacity of the generating 
plant when the motor is not working ona 
mechanical load. ‘The improvement in the 
operating conditions which takes place when 
the motor delivers mechanical power in 
addition to correcting the power factor, may 
be considered as follows, reference being 
made to Fig. 2:—Suppose the motor gives 
out mechanical power to the amount of 
sokw. As this represents the true kw. input 
to the motor, it will be in phase with CD and 
represented by DF; then the total input to 
the motor will be 3577 + 86? = 367kw. 
The increase in the capacity of the motor 
equals 2.23 per cent., and this will enable 
it to deliver боку. in the form of mechanical 
power, in addition to raising the power factor 
to unity. This example clearly shows the 
effect of making the synchronous motor con- 
vert part of its input into mechanical energy, 
and as the mechanical power delivered in- 
creases, the amount of power required for 
power factor correction will decrease. 

The question of running a synchronous 
motor on a mechanical load may be further 
considered as follows :—Suppose a 5ook.v.a. 
3000-volt three-phase synchronous motor 1s 
operating at 70 per cent. of its rated capacity, 
and it 1s required to find the maximum load 
at So per cent. power factor that may be 
supplied from the system, so that the power- 
factor of the total load will be unity without 
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overloading the synchronous motor. Now 
the line current at the full-load rating of this 

500,000 
3000 x 4/3 
but as the motor is only working at 70 per 
cent. of its capacity, the line current will be 
96.3 x .7 = 67.5amp. Referring to the 
vector diagram in Fig. 3, let OV represent 
the impressed voltage 3ooo volts, and OC 
the energy component of the current = 
67.5amp. OW represents the total current 
input = 96.3amp., and CW the wattless 
component = 4/96.3* — 67.5" = 68.6amp. 
As the power factor of the load is 80 per cent., 
this represents an angle of lag of about 
37deg., having tan $ = .75; therefore the 
energy component of the load current in the 


motor = = 96.3amp. per phase ; 


and as this 


68.5 
system — - = gr.5amp., 


component is in phase with the impressed 
voltage OV, it will be represented by OF. 
As the power factor is to be raised to unity, 
the wattless lagging component of the load 
current in the system will be equal in mag- 
nitude to the leading wattless component of 
the synchronous motor and separated there- 
from by 18odeg. ; it will therefore be repre- 
sented by FE = 68.6amp. Тһе line 
current in the system is represented by OF, 
and is „/91.5 + 68.6? = 114.3amp; there- 
fore the total inductive load = 
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114.3 X 1.73 X 3000 
| ^  . 1000 
= 593kw. (apparent). 

It will, therefore, 
be seen that when the 
synchronous motor 
is Operating at 70 per 
cent. power factor it 
will deliver a mechani- 
cal load of боох.7 
= 350 real kw., and 
at the same time 
compensate for the 
lagging currents in 
the system due to 
an inductive load 
of 593 x .8 — 474 
real kw. at a power 
factor of 8o per cent. without itself being 
overloaded. ‘The counter e.m.f. of the syn- 
chronous motor at this load may be found 
as follows :—Suppose the armature resistance 
drop is 2 per cent. of the impressed voltage 
= 60 volts, then this may be represented 
by OD. Assuming the full-load reactance 
drop is 12 per cent. of the impressed voltage 
= 360 volts; this may be represented by 
DG, which is at right angles to OD, then 
the resultant OG of these two components 
will give the armature impedance drop — 
365 volts. The resultant of the impressed 
voltage and the impedance drop which is 
given by VG represents the counter e.m.f. 
of the motor, which in this case scales 3230 
volts : the motor should therefore be excited 
to give this voltage. 

In the above examples we have considered 
the capacity of the synchronous motors 
required to raise the power factor of a system 
to unity, but as it rarely pays to raise it 
above 95 per cent., it will be of interest to 
consider a case where the power factor is 
to be raised to this value. Suppose the 
capacity of the plant is 5ook.v.a. at 70 per 
cent. power factor, and that the synchronous 
motor is to develop mechanical power in 
addition to raising the power factor of the 
system to 95 per cent. These conditions 
may be represented graphically by the vector 
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diagram in Fig. 4, which is constructed as 
follows:—Draw the current vector AB to 
represent the load of s5ook.v.a. lagging 
behind the voltage vector BF by angle q,, 
the cosine of which is = .7. Make the 
part BC = 350kw. at 70 per cent. power 
factor, then the lagging wattless component, 
which is given by (/500? — 3507 = 357.7, 
will be represented by AC. Next cut off 
the part BI) to represent the true generator 
output, 475kw. at 95 per cent. power factor, 
then erect a perpendicular at D, making DH 
= Jsoo* — 4752 = 156kw., the wattless 
lagging component in the circuit at that 
power factor. Draw HG parallel to CD, 
and join DBH, which will represent the 
gook.v.a. load in the circuit at 95 per cent. 
power factor, the angle of lag between the 
current and voltage vectors being then 4.. 
Draw CE and make it equal to AG, then 
СЕ represents the wattless leading com- 
ponent in the motor which is shown by 
the scale to have a value of 2zorkw. ‘The 
true input to the motor = BD - BC = 
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475-359 = 125kw. ; 
then the capacity of 


the synchronous 
motor required 15 
given by 


J20l + 1257 

= 236.6kw., which 

is represented by ED. 

Assuming the loss in 

the motor to be 1o 

per cent. of its 
- capacity, this will 
amount to 23.6kw., 
and be represented 
by CK. It follows, 
therefore, that a syn- 
chronous motor hav- 
ing a capacity of 
236k.v.a. is capable 
of raising the power 
factor of the circuit 
to 95 per cent., and 
at the same time will 
deliver mechanical 
power to the value of 
125 — 23.6 = ror.4kw. 

A comparison of these examples will 
show that the capacity of the motor required 
increases very rapidly as the power factor 
approaches unity. For instance, in the first 
example the capacity of the motor required 
to raise the power factor from .7 to unity 
without developing mechanical power was 
359kw., but to raise the power factor of the 
same system to .95 and at the same time 
deliver 102kw. of mechanical power, requires 
a motor of only 236k.v.a. capacity. As the 
motor delivers ro2kw. of mechanical power, 
the actual power consumed in correcting the 
power factor = 236 — 102 = 134kw. Sup- 
posing the capacity of this plant was in- 
creased to the same extent by installing a 
new generator, as this would require new 
steam plant, the total cost would be at least 
twice the cost of a synchronous motor having a 
capacity of 236k.v.a. The diagram in Fig. 4 
has been used to work out the capacity of 
synchronous motors required to raise the 
power factor to various values on a 50ok.v.a. 
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system having a power factor of 70 per cent. 
The results of these calculations are given in 
Table I., and are also represented by the 
curves in Fig. 5. 

TABLE 1. 


Synchronous Motor. 


Power Factor gs ri 
ег cent. "be | Load. 
"s ! Capacity in | Mechanical k.V.A. 

k.v.a. Output. KW. 

4 

t 
95 236 102 475 
go 170 83 450 
55 119 | 63 423 
do 78 423 400 
73 37.5 21.25 375 


The curve A represents the capacity of 
the synchronous motor required to raise the 
power factor to different values, and shows 
that the capacity increases very rapidly as 
the power factor approaches unity. Curve B 
represents the maximum mechanical output 
delivered by the motor in addition to 
correcting the power factor. 

Perhaps the following remarks on the 
construction of the diagram by means of 
which the above results were obtained, will 
simplify its use. А reference to the diagram 


will show that it consists of a series of 
triangles. One triangle represents the true 


output of the generator, inasmuch as its 
hypotenuse is proportional to the total k.v.a. 
in the circuit ; its base represents the power 
component which is in phase with the im- 
pressed voltage of the system ; the third 
side being proportional to the wattless com- 
ponent. А second triangle represents the 
input supplied to the load circuit, a. third 
triangle representing the input to the syn- 
chronous motor, which is compÉsed of the 
leading component supplied to the circuit 
for correcting the power factor and the 
mechanical output. The vectors represent- 
ing the wattless leading component of the 
inotor, and the wattless lagging component 
of the generator load, will be in direct oppo- 
sition, and the wattless component of the 
generator load, after the power factor has 
been corrected, will be represented by the 
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difference between these two components ; 
that is to say, DH = CA - CE. A proper 
understanding of the above - mentioned 
principles will enable the capacity of a 
synchronous motor to suit any particular 
operating conditions to be easily determined. 

The advantage of using a synchronous 
motor for increasing the capacity of the 
generating plant lies in the fact that it raises 
the power factor of the whole system, 


whereas the installation of more generating 
plant would introduce additional lagging 
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currents which would result in a further 
decrease in the power factor of the system. 
As will be readily understood, the capacity 
of synchronous motors is always rated in 
k.v.a. and not in kilowatts, as their output 
depends upon the power factor under which 
they operate. If the lagging currents in a 
system reduce the power factor to 7o per 
cent., the synchronous motor would have to 
operate with a leading current of the same 
power factor if that of the system is to be 
raised to unity, and assuming the load taken 
by the motor under these conditions is 
299522 
.7 
714k.v.a. А synchronous motor has also 
- a tendency to improve the voltage regulation 
of a system besides correcting its power 
factor, and this question may be considered 
as follows :—Suppose the generator voltage 
is decreased due to a sudden increase in the 
wattless lagging currents in the system. ‘This 
will necessitate an increase in the leading 
wattless current taken by the motor, which 
will in turn result in an increase in the 
generator voltage, owing to the fact that a 
leading current strengthens the generator 
field to a certain extent ; the voltage drop 
will therefore be smaller than if no synchron- 
ous motor were connected to the system. 
For similar reasons a synchronous motor 
has a tendency to prevent the rise in voltage 
which takes place when an inductive load 
is suddenly decreased, so that the voltage 
regulation on the system is really improved. 
Against these advantages is the fact that the 


sookw., then its rating would be 
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employment of the synchronous motor for 
compensating for the lagging currents in a 
system is a rather expensive method of cor- 
recting the power factor when there are no 
means of utilising the mechanical power of 
the motor. For this reason a rotary con- 
verter is more largely used for compensating 
purposes in present-day practice, and it has 
been found that a small increase in the 
weight of copper is sufficient to enable the 
converter to supply a leading wattless сот- 
ponent equal to со per cent. of its k.v.a. 
rating in addition to supplying its full direct- 
current output. 

In some cases synchronous motor genera- 
tor sets are made use of for correcting the 
power factor, the capacity of the motor being 
increased to a small extent to enable it to 
supply the leading wattless component re- 
quired by the system. Such a combination 
cannot, however, be compared to a rotary 
converter, so far as over-all efficiency and 
also synchronising power when overloaded 
are concerned, although a synchronous 
motor-generator set has a larger capacity for 
power factor correction than a rotary 
converter. 

In conclusion, the question of a low power 
factor in systems supplying current to all 
classes of alternating-current machinery is 
one that calls for special attention on the 
part of station engineers, to whom the bad 
effects of a low power factor are only too 
well known. 

J. W. ROGERS. 
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Ast month the writer had the privilege, 
through the courtesy of Messrs. 
Palmers’ Shipbuilding and Iron Com- 

pany, Ltd., of describing in THE ELECTRICAL 
MAGAZINE the shipbuilding yards and 
auxiliary shops belonging to this firm, and 
at the close of that article intimated that at 
a future date he would return to this firm’s 
activities, laying special emphasis on the 
electrical equipment which has been installed 
in order to deal with the production of iron 
and steel, and also to make reference to the 
modern and specialised plant which has been 
constructed to meet the growing needs for 
turbines in ship propulsion. А need for 
such a subdivision of the subject will be 
realised when it is remembered that Messrs. 
Palmers’ undertaking is not an isolated 
manufacturing process forming a unit in the 
industrial interests of the community, but 
that it forms in itself the basis of existence 
of a large and densely populated town on 
the banks of the Tyne. The number of 
men in normal employment by the firm 
amounts to upwards of 6000, and as these to 
a large extent are congregated near to the gates 
of the shipyard and other works the town 
of Jarrow, whose population is approximately 
40,000, may be said to subsist in either a 
direct or indirect manner upon the opera- 
tions of this firm. 

It has long been a principle with the com- 
pany that as far as possible they should have 
in their own hands all the various manufac- 
turing processes attendant on the building 
of a ship, and for this reason it was con- 
sidered advisable, almost from the time 


when the first iron vessel was launched, to- 


possess adequate means of manufacturing 
their own iron, and subsequently steel. It 


does not follow, however, because the reduc- 
tion of ore by this company has been carried 
on for so many years that the plant it 
employs is obsolete—as a matter of fact in 
the pig-iron department the five blast fur- 
naces are of a most modern description. 
They are all about Soft. high bv rift. 
diameter at the hearth, and vary from roft. to 
23ft. diameter at the boshes. The product of 
these furnaces consists of Cleveland iron for 
foundry purposes and for the manufacture of 
basic steel and of high-class hematite iron, 
chiefly for conversion into mild steel by the 
open-hearth acid process. The output of 
Cleveland iron at present averages about 
850 tons of pig-iron per furnace per week, 
while the hematite furnaces produce from 
1000 to 1500 tons of pig per furnace per week. 
The general appearance of this section of 
the works is shown clearly in the illustration 
on page 305. 

It is significant of the rapid progress 
which electrical engineering has made within 
the last few years that ten years ago in these 
steel works and blast furnaces there was no 
electrical equipment whatever for power 
purposes, whereas at the present date up- 
wards of rrooh.p. in motors are installed. 
l'ormerly the pig-iron which was run out on 
to the cooling beds had to be broken by 
hand and loaded into wagons by manual 
labour. The improved means for handling 
the product includes an overhead electric 
gantry crane, made by Marshall, Fleming & 
Jack, of Motherwell, which traverses the 
beds for a distance of gooft., and this crane, 
which will take a load of six tons, is capable: 
of picking up a section of iron at any point 
under its 85ft. span, and transferring it to 
the table of an electrically-driven pig-breaker. 
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The crane is of the three-motor type, the 
tnotors being made by Laurence, Scott «с 
Co., Ltd. 

The electrically - driven  pig-breaker is 
arranged centrally along the length of the 
range of the furnaces to equalise the length 
of travel of the crane from either end of 
the beds. "The illustration Fig. 1 shows the 
machine itself, which was constructed by 
the Lowca Engineering Company, Ltd., of 
Whitehaven: it is direct-driven through spur 
gearing by means of a 2oh.p. Clarke-Chap- 
man motor operating on а 48o-volt con- 
tinuous-current supply. As the “ pigs” and 
“sow” are broken, the pieces fall down a 
shoot direct into wagons, and it is found 
that by means of this apparatus not only are 
fewer men required to break and load up the 
iron, but this 1s done more expeditiously, 
and inclement weather does not cause such 


a hindrance to these operations as was 
formerly the case when the breaking and 


loading were done by hand. 

An interesting comparison is found in 
this plant between the old and new method 
of conveying raw material to the furnaces. 
At the older furnaces the coke, ore, and 
limestone are loaded by hand into barrows, 
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which are then 
wheeled to vertical 
steam-driven hoists. 
These hoists convey 
them to the top of 
the furnaces, where 
they are tipped into 
the furnace hoppers 
by separate sets of 
men. 

In the more mo- 
dern plant, however, 
an arrangement 
patented jointly by 
Mr. Upton, the 
manager, and Mr. 
Prosser, the present 
engineer of this de- 
partment, is  em- 
ployed. "This is as 
follows. Adjacent to 
the furnace is a series of large storage tanks or 
binsabout 4oft. highand capable of containing 
about 400 tons of coke, іооо tons of lime- 
stone, and 4000 tons of ore. These tanks 
are carried on columns, clear of the ground, 
allowing ample light and ventilation under- 
neath, and an extension of the columns also 
carries an overhead railway passing over the 
row of bins, and connected by an incline 
to the company's sidings. Thus ordinary 
mineral railway wagons are easily run by 
a locomotive to the top of any part of the 
bins, and the materials are then dropped 
through the bottom doors of the wagons into 
the tanks beneath, these being separated 
by internal partitions, so that different 
classes of ore can, if necessary, be kept 
separate. In the open space beneath the 
series of bins runs an electrically operated 
transfer car, on which is mounted, besides 
the receptacle for a definite charge of 
material, a weighing machine which registers 
at once the amount of material deposited in 
the car. The materials flow by gravity 
through the doors at the bottom of the bins, 
which doors control the operation. After 
it has been filled to the required amount 
the car is run along an overhead run- - 
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way attached to the bottom of the bins 
and the material dropped into a skip which 
works on an inclined hoist, carrying the 
material to the top of the furnace. The 
trolley wires run alongside the runway, 
from which current is conducted to the motor 
of sh.p. capacity which drives by means of 
spur gearing on to the travelling wheels 
of the car. With this plant only three men 
per shift are required for charging the 
furnaces with about 70co tons of raw material 
per week. So satisfactory have these 
changes proved in this department that 
further alterations on similar lines are con- 
templated, as well as the electrification of 
the hoisting gears, pumps, and other 
auxiliaries of the blast-furnace plant. 

The lighting of the blast furnaces depart- 
ment, which is entirely electrical, is obtained 
from an independent plant consisting of 
Alley & MacLellan enclosed high-speed 
engines driven from blast-furnace gas-fired 
boilers, and driving by means of belt on to 
Clarke-Chapman dynamos. In this indepen- 
dent power-house may also be found what is 
probably one of the first polyphase plants 
installed in this country. It consists of an 


Fic. 2. 


287 


Alley & MacLellan enclosed “Sentinel” 
engine of rsoh.p., directly connected to a 
Clarke-Chapman two-phase alternator, the 
exciter being mounted on an extension of 
the shaft. This supplies various motors in 
the steel works driving continuous running 
machines such as in the roll turning shops, 
straightening and shearing machines, &c., 
an overhead transmission throughout the yard 
being adopted for this purpose. It is pro- 
posed at a later date to standardise the 
whole equipment in conformity with 
more modern practice, but due respect 
should be paid to this pioneer plant, on 
account of its utility in demonstrating at a 
very early date the value of alternating- 
current power transmission for industrial 
purposes. 

The steel works are operated in conjunc- 
tion with the blast furnaces for the purpose 
of converting the pig iron produced therein 
into mild steel, partly by means of the 
Siemens-Martin acid process and partly by 
Talbot continuous steel furnaces In a 


convenient position adjacent to the working 
platform of the furnaces is installed a very 
laboratory for 


completely equipped the 


ELECTRIC CENTRIFUGAL Pump (SINGLE STAGE). 
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TN ELECTRIC MOTORS. 
analyticaltesting of the materialsoas to ensure 
proper control of the process during the 
whole course of operations. ‘The steel pro- 
duced by both types of furnaces is tapped 
into ladles from which it is cast into ingots, 
and these are subsequently reheated prepara- 
tory to rolling into sheets and sectional 
material in the mills attached to this depart- 
ment. The two Siemens acid furnaces have 
hearths of about 24ft. by 1100, and are 
capable of dealing with forty to fifty tons in 
each charge. They are of the gas-heated 
regenerative type, the waste heat of the fur- 
naces heating brickwork chambers, 
which, on the reversal of flow of 
the gases, preheat the mixture of 
gas and air entering the furnace. 
Cold pig iron is charged on to the 
bottom of the furnace, together 
with about 20 per cent. of scrap 
steel, and after the charge is melted 
very pure hematite ore is added, 
oxidising the impurities in the iron 
and causing the molten metal to 
“boil” violently. At the end of 
the boil the metal is tapped into a 
ladle and the slag is then run off 
so as to completely empty the 
furnace ready for the next charge. 
In addition to this plant two 
Talbot furnaces for producing 


Four LARGE CENTRIFUGAL Pumps DIRECT COUPLED TO 
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basic steel have been installed 
during the last year or two. The 


melting shop'has been reorganised 
to facilitate their operation, and 
among developments contemplated 
in the immediate future may be 
mentioned the building of a mixer 
to serve these furnaces for the 
purpose of blending and partly 
purifying the metal before it is. 
delivered to the furnaces. 

Each Talbot furnace has a 
hearth about 37ft. long and rft. 
wide, with a capacity of 175 tons, 
and is capable of turning out 
approximately 1100 tons of steel 
per week ; they work on the gas- 
heated regenerative principle and 
are built with the furnace-bodies supported 
on rockers, so that at any stage of the 
process they can be tilted by hydraulic 
cylinders to either side. 

The charge for the Talbot furnace consists 
chiefly of pig-iron in the molten state, brought 
in ladles directly from the blast-furnaces, or 
from a mixer, and poured in the furnace. This. 
iron having been worked down by the addi- 
tion of ore or scale and lime till the furnace 
contains its full quantity of purified steel, 
about one-third of it is tapped off and cast 
into ingots, then a corresponding quantity of 
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molten pig-ron is again charged 
and the whole worked down into 
steel, so that the process goes on 
continuously with alternate charg- 
ing of pigiron and tapping off 
steel, slag being drawn off at in- 
tervals from the opposite side of 
the furnace from which the steel 
is tapped, but the furnace never 
being less than two-thirds full of 
steel except at week-ends. Asa 
large amount of heat is developed 
by the chemical reactions which 
occurin working the Talbot process, 
a complete system of cooling by 
water circulation is adopted for 
the furnace charging doors, chills 
and other parts most liable to be injured by 
the intense heat. For this purpose a well- 
arranged system of electrically-driven pumps, 
with the necessary storage tanks, &c., is in- 
stalled in a convenient position near the fur- 
naces. "There are two storage tanks, of about 
1 5,000 gallons capacity each, built round and 
supported by the furnace chimneys, at a 
height of 55ft. above the charging platform, 
and from these the water is distributed to 
the various parts of the furnaces requiring 
to be cooled. A singlestage centrifugal 
pump, driven by a motor of 55b.p.h. (Fig. 2), 
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lifts the water into the storage tanks, deliver- 
ing 1250 gallons per minute againsta vertical 
head of 98ft. After use at the furnaces the 
water is collected and returned for cooling to 
the reservoirs by a 3oh.p. electric centrifugal 
pump.  lnasmuch as the furnaces are in 
continuous operation, the failure of cooling 
water, even for a short time, would involve 
the stoppage of work and possibly serious 
damage to the furnaces; the pumps and 
motors have been installed in duplicate, 
so that in case of stoppage, either of 
the stand-by sets can be put into operation 
in the course of a very few 
minutes. Adjoining the plant are 
two smaller pumps, also electrically 
driven. One of them is a centri- 
fugal pump driven by a r2h.p. 
motor for lifting the rain water, 
&c., which is collected in a large 
culvert underneath the foundations 
of the furnaces, delivering it to 
the return water pumps above men- 
tioned for discharge into the works 
reservoirs. The other is a small ram 
pump driven by belt from a sh.p. 
motor, aud it works in conjunction 
with a hydraulic accumulator for 
use at week-ends when the main 
hydraulic pumps are not in use. 
The five centrifugal pumps are all 
of the Worthington type, and are 
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direct driven through flexible couplings from 
the motors. The hydraulic ram pump was 
supplied by Henry Berry & Co., of Leeds. 
The six motors were all constructed by Messrs. 
J. H. Holmes & Co., and are of the totally 
enclosed shunt-wound type. Fig. 3 is a 
view of the pump house showing the four 
larger centrifugal pumpsand motors. These 
are operated by means of Reyrolle drum 
type starters, while the two smaller ones are 
controlled by automatic starters, the one 
actuated by a float in the drain culvert, and 
the other by the ram of the hydraulic accu- 
mulator. The whole of this pumping plant, 
together with the necessary switchgear, 
starting panels, &c., is accommodated in a 
substantial brick building, an extension of 
which forms a substation for the main supply 
of electric power and lighting to this part of 
the works, and which will be referred to 
later. Fig. 4 shows a view of the pump 
house with the substations in the background. 

The ore and lime or other solid materials 
required for working the Talbot process are 
charged into the furnace by a three-ton open- 
hearth charging machine, which was con- 
structed Бу Messrs. Wellman, Seaver & 


Head, Ltd. This machine runs on a track 
laid on the charging-stage, and is operated 
by four Westinghouse direct-current motors 
with B.T.H. tramway-type controllers. The 
charging platform is commanded by two 
powerful five-motor electric overhead ladle 
cranes, one of which was made by Messrs. 
Marshall, Fleming & Jack, and the other by 
Messrs. Booth Bros., the motors for both 
being supplied by Messrs. Laurence, Scott & 
Co., Ltd.,of Norwich. As one of the principal 
duties of these cranes is the rapid handling of 
ladles of molten metal, and as, moreover, any 
stoppage or breakdown would cause serious 
delay in the working of the process, they 
had to comply with a very stringent specifi- 
cation. Each crane is of 62ft. span, with 
46ft. clear lift, and has two independent 
crabs, the heavy one running on the top of 
the main crane girders, and being capable of 
handling a load of 60 tons, while the 
auxiliary crab, which travels between the 
main girders on a path carried by their 
bottom flanges, can deal with loads up to 
15 tons. The whole framework of the 
cranes and of the crabs is composed of 
rolled steel strongly braced and gusseted to 
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ensure rigidity. The main girders are of 
box section, with strong cross and diagonal 
bracing between them along the top to give 
side stiffness and prevent spreading under 
the load. ‘To secure uniform distribution of 
weight, each crane is carried by four swivel 
travelling carriages, each running on two 
wheels on the main track, all the bearings 
being of the self-oiling type. А strong shaft, 
driven by means of a motor situated in the 
centre of the span, is carried by an outrigger 
girder across the crane, and js connected by 
spur gearing to one of the travelling carriages 
at each end of the crane to prevent cross 
winding. 

The main crab, which supports the ladle 
of molten metal while it is being tilted by 
the smaller crab, is furnished with two 
separate hoisting barrels from which two sets 
of steel-wire hoisting ropes are led down on 
the outside of the main girders to support 
the ladle crosshead. The ropes at each end 
of the crosshead are in duplicate, so that in 
case of one breaking, the other would still 
carry the ladle in safety, and special provision 
is made to ensure each strand of both ropes 
taking its proper share of the load. 

On both crabs the hoisting gear is fitted 
with automatic electric and auto-mechanical 


(Palmers’ Works.) 


291 


self-sustaining brakes, and an automatic 
cut-out is provided in each case to prevent 
overwinding. Тһе cross traverse motions 
are fitted with auto-electric brakes, while the 
longitudinal travel is controlled from the 
driver's cage by a powerful foot-brake. "The 
working speeds with full loads of 60 and 
15 tons are: 
Hoisting, 7}ft. and зой. per minute 
respectively. 
Cross traverse, soft. and 
minute respectively. 
Longitudinal travel, 25oft. per minute 
respectively. 

The whole of the gearing of the cranes is 
machine cut, the first motion in each case 
being run in an oil bath, to secure highest 
efficiency. All the bearings have ample sur- 
face, and care has been taken to provide 
proper lubrication. Convenience of access for 
inspection or adjustment has been specially 
considered, and the arrangement of the 
cranes is such that any shaft can be lifted 
out without any other shaft or any gear 
having to be removed. 

The motors are of the series-wound totally 
enclosed crane type, running at slow speeds 
so as to minimise the quantity of gearing 
required, and they are operated b. T.H. con- 


100ft. per 
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trollers. The electrical equipment is of the 
highest class throughout and is specially 
arranged for convenience of operation. A 
main or emergency switch and cut-out con- 
trols the supply of current to the crane, 
while fuses and circuit breakers are fitted to 
all the motor circuits, and the wirirg is run 
in conduits wherever possible to protect 
the insulation from mechanical damage. 
The driver's cage 1s suspended under the 
outrigger girder in such a position as to give 
the best possible view of the work in ail 
positions, and to protect the driver and the 
controllers and instruments from injury from 
heat or fire. 

The tapping side of the Talbot furnaces, 
shown in Fig. 5, is commanded by another 
pair of five-motor electric overhead ladle 
cranes of 48ft. span, each having two separate 
crabs capable of dealing with loads up to 
35 tons and 124 tons, the working speeds of 
these being : 

Hoisting, тоб. and 4oft. per minute 


respectively. 
Cross traversing, 100ft. per minute. 
Longitudinal travelling, — 3ooft. рег 
minute. 


Their principal duties are to handle the 
ladles of slag and occasionally metal from 
the furnaces and to strip and remove the 
steel ingots from the casting pits. "They 
were both made by Messrs. Booth Bros., 
Ltd., of Rodley, and are designed on 
precisely similar lines to those at the charg- 
ing side of the furnaces, the gearing, motors, 
controllers and other parts being inter- 
changeable as far as possible on all the 
cranes. After the steel has been run into 
ingot moulds and taken their shape, it is 
transferred into gas heated regenerative 
vertical furnaces by steam jib cranes. "The 
lids of the furnaces are lifted by means of an 
electrically-driven carriage, operated by a 
single motor drive from the direct current 
supply, by an overhead trolley pole making 
contact with bare copper conductors running 
the length of the furnaces. 

After heating, the ingots are drawn from 
the furnaces by a single-motor ‘Goliath ” 
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crane, which was originally steam driven and 
converted to electrical power operation by 
the firm, and the capacity of which ranges 
up to 5 tons. This crane places the ingots 
on à special car, attached to an endless 
rope haulage, by which it is conveyed to the 
mil, where the ingot is automatically 
transferred to the mill feed rollers. 

At the present time the mills which 
roll the ingots into various sections are 
steam-driven, but a considerable amount of 
auxiliary machinery, such as the shearing 
machines for cutting sections of the steel 
into short lengths, the saws, skid gears, 
live roller tables, &c., are either already 
electrified or consideration is being given to 
the installation of a motor drive in connection 
with a scheme which the company have 
in hand for the reorganisation of the power 
system. 

It may be advisable at this point to 
draw attention to the main method of 
obtaining power and lighting supply for 
this department. А substation has been 
installed closely adjacent to the steel 
furnaces, in an extension of the pump-house 
already described, its situation in a central 
position with regard to the demand for 
power and light for the steel works making 
it a convenient distribution centre for these 
circuits. ‘To this station power is supplied 
by means of three-phase current at a pressure 
of 5500 volts, 40 periods per second, from the 
power mains of the County of Durham 
Electrical Power Distribution Company, Ltd. 
The high-tension mains are brought in 
duplicate to an overhead chamber containing 
two static transformers made by the British 
Westinghouse Electric and Manufacturing 
Company, Ltd. These transformers, which 
are controlled by КеугоПе high-tension 
switchgear, convert the supply to a pressure 
of 440 volts between phases. It is then 
taken to the portion of the substation under 
the care of Messrs. Palmers’ Shipbuilding 
and Iron Company, Ltd. in which two 
Westinghouse rotary converters, each of 
350kw. capacity, and shown in Fig. 6, are 
used to give direct current at 480 volts 
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for power and 24o 
volts for lighting on 
a three-wire system 
which extendsthrough- 
out the department. 
Mid-wire balancers in- 
stalled on extensions 
of the converter shafts 
serve to equalise the 
pressure on the two 
sides of the system 
and switchboard. 
Two Westinghouse 
starting panels control 
the operation of the 
rotary converters, while 
the continuous current 
is led from the ma- 
chines to а Reyrolle 
switchboard provided 
with all the necessary 
controlling and regu- 
lating apparatus. This 
board is also fitted 
with automatic time 
switch and maximum 
demand indicators, and 
Chamberlain апа 
Hookham meters are 
installed to register 
the total power con- 
sumption. Accommodation is provided 
for a three-phase distribution board should 
the company decide to apply 440-volt a.c. 
motors for driving any machinery in the 
steel works. One end of the switchboard 
for the pumps already mentioned is 
reserved for the control of the direct-current 
power circuits, space being provided for 
future extensions. АП these circuits are 
protected with fuses and circuit-breakers, 
the latter being fitted with special loud- 
ringing gong attachments, so that if any 
circuit is opened the attendant's attention is 
immediately drawn to it in whatever part of 
the station he may happen to be. At the 
opposite end of the board it is intended to 
fit up panels to control the circuits for the 
clectric lighting of the whole department, 
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HEAVY VERTICAL SLOTTING MACHINE. 


which will be fed from the transformer 
and rotary converter equipment. Electric 
lighting has been used here from a very 
early period, this form of illumination having 
gradually extended until it forms at present 
almost the only source of light available for 
the steel works. 

The building of the substation, however, 
offers a favourable opportunity to have this 
reorganised on standard lines, which will 
very much simplify the arrangements and 
largely increase its efficiency. ‘The turbo- 
generators, which have been in use for light- 
ing purposes up to the present time, were 
among the earliest installations оп the 
Parsons principle, which has been developed 
to such an amazing extent, especially within 
the last few years; and a very interesting 
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comparison might be made between one of 
the huge turbines propelling the vast structure 
of a Mauretania across the ocean, and its 
tiny forerunner of these early days. 

The coal-handling plant in connection 
with the range of steam boilers for the steel 
works is also electrically driven. Тһе coal 
wagons are fed by a gravity siding arrange- 
ment to a hoist, which elevates them, one at 
a time, to the top of a line of hoppers ex- 
tending along the front of the boilers. The 
wagons are pulled along the railway on the top 
of these hoppers by means of an endless rope 
haulage, and arrangements are made to dis- 
charge the coal through the bottom doors of 
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the wagons into the hopper for any particular 
boiler required, after which the empty wagons 
are returned to the ground level and run off 
by another inclined siding. From the hoppers 
the coal descends by gravity into the feed 
boxes of Bennis mechanical stokers, which 
are installed on each boiler. An overhead 
runway attached to the bottom of the hoppers 
forms a very expeditious and satisfactory 
method of ash disposal, and the whole 
arrangement, which has been designed by the 
firm, is in every way superior to the old style, 
in which manual labour was employed. It 
may be mentioned that there is a complete 
installation of economisers, feed-water heaters, 
and  induced-draught 
plant, in connection 
with the boilers, which 
are supplied with feed 
water from a large 
central condensing 
plant operated in con- 
nection with the large 
steam engines driving 
the rolling mills in the 
steel works. 

The rolling mills 
consist of a 38in. slab 
cogging mill, a збіп. 
cogging mill for sec- 
tional blooms, and a 
36in. roughing and 
finishing mill (to- 
gether with the usual 
equipment of roller 
gear, saw racks, hot 
saws, skid gear, hot 
banks, &c.), forfinished 
bars, a 12in. merchant 
mill, for the smaller 
sections, and a 24in. 
sheet mill, the princi- 
pal product of which 
is sheets for torpedo 
boats and the like. In 
addition to this the 
department carries on 
an extensive business 
in electro-galvanising 
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and hot galvanising and also in the 
kneeing and cambering of deck beams for 
ships. 

Up to the present we have been dealing 
with what may be termed the raw material, 
both of the shipbuilding and engine-works de- 
partments of the firm. In the previous article 
was described tosome extent the way in which 
electricity is employed in the construction 
of ships of all classes by this firm, but the 
writer was unable to give any adequate idea of 
the department by which these boats could, 
when launched in the Tyne, be equipped on 
the spot with a complete set of engines and 
boilers, so that it would be possible for such 
a boat to take to sea without passing through 
any other hands than that of the various 
departments of Messrs. Palmers, which 
work so harmoniously together. The pro- 
ductive capacity of the engine works may be 
gauged from the fact that in one year thirty- 
four sets of engines and boilers were turned 
out, and the work in this section ranges from 
the building of high-speed machinery for 
torpedo- boat destroyers, to the massive 
engines and turbines required on a first-class 
battleship, as well as the supply of means of 
propulsion for every class of ship in the 
mercantile marine. 

It will be impossible to detail in full 
length the uses to which electricity. has 
been put in these departments. The 
chief point of interest in this section is the 
new erecting shop, which has recently been 
constructed for the purpose of meeting the 
demand for turbine propulsion. Messrs. 
Palmers’ Shipbuilding and Iron Company, 
Ltd., have entered into an agreement with 
Messrs. Parsons’ Marine Steam ‘Turbine 
Company, Ltd., whereby they have ac- 
quired the right to manufacture turbines 
of the largest capacity for the purpose of 
ship propulsion, and a new bay has been 
added to their erecting shop, measuring 
ҷоой. long by soft. wide. ‘This is dominated 
by three cranes, two having a lifting capacity 
of 40 tons and one of 20 tons; the cranes 
were built by Messrs. Craven Brothers, 
Ltd., one motion on each crane driving 
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all the motions and the light and heavy 
lifts by means of belts. The erecting shop 
has been designed so as to undertake work 
of a size equivalent to the largest capacity of 
battleship it is at present conceivable will be 
designed, and provision is also made for the 
turning out of reciprocating engines when 
these are required. At one end of this bay 
are two specially fine machine tools, which 
are so representative of modern practice 
that ijt is necessary to refer to them in 
some detail. 

These are a lathe and boring machine 
supplied by Messrs. Shanks & Co. The 
lathe, which is of the heavy quadruple geared 
double-bed type, includes a double-slide hed 
of very great width, of special section to 
resist the strain. of heavy work of large 
diameter. Inasmuch as owing to difficulties 
in transport the slide bed is in two widths, 
the front bed is cast in one with the slide 
which takes the upward lift of the back rests, 
this slide being brought as near the centre 
as possible. Cross ribs cast at the bottom 
secure further rigiditv, and each bed hasa 
guide screw resting on the bars with a very 
long disengaging nut on the saddle. A gear 
for hand and power traverse is also provided. 
The base of the fast and loose headstocks 
across the bed is very wide, allowing very 
heavy cuts to be taken, while the saddles 
and slide-rests in connection with the loose 
headstock are so designed that very short 
diameters, and exceptionally short work, can 
be placed between the centres. "The gear- 
ing includes Barrows’ patent for quadruple, 
treble and single purchase, and has five 
reductions, exclusive of the countershaft. 
It is driven by means of a 6oh.p. Westing- 
house motor placed at the back of the lathe, 
which runs at either 425r.p.m. ог 570r.p.m., 
this motor being specially wound with two 
windings in order to give this variation in 
speed. The motor is started by means of 
an auto starter, and a special switch is 
arranged to throw over from one set of 
windings to the other as required. The 
loose headstock of the lathe has an adjust- 
ment to secure perfectly parallel sliding, and 
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is also moved by power. Тһе saddles with 
the disengaging nuts are specially constructed 
for heavy strains, and are very deep, this 
being further increased by the recess in the 
bed. The back and front saddles, which in 
this case are two in number, are connected 
independently from the fast headstock for 
sliding and boring through the guide screws 
and cbange-wheel systems without altering 
the swing frame, each saddle at the front 
being fitted. with a self-acting surface rest 
and swivel rest, the insetting slide being 
worked by hand. Each saddle at the 
back has a selfacting surface rest and 
fixed compound rest specially made to 
resist upward strains. In order to make 
this lathe suitable for tipping the rotors of 
turbines as well as for heavy general marine 
work, it has been fitted with Barrows’ patent 
additional details. By adding the height of 
the centres, which is taken from the outer 
sides of the bed to the recess in the middle 
and doubling it, the diameter of a low- 
pressure rotor with the blades on is obtained, 
and dealt with by the patented details. 
This diameter would probably do the greater 
portion of the firm's work, and by use of a 
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moderate packing an increase is made for 
the largest rotors likely to be made. This 
special packing for both fast and loose 
headstocks can be shipped and unshipped 
in a few hours, and does not increase their 
transverse width. А cast-iron girder 1s fixed 
into the ground about jin. above the foun- 
dation, and planed true with the front bed 
at some distance upward. This girder, when 
not in use, is covered with a board. A very 
strong saddle is fitted on this bed to produce 
the same accurate sliding as on ordinary 
rests, and is provided with disengaging nut, 
independent guide screw, swing frame 
bracket and change wheels for varying the 
selt-acting motion, in either direction, to as 
fine limits as may be desired, the overhang- 
ing pressure being taken by the true surface 
of the girder through an adjustable roller 
wheel. A special column is firmly bolted to 
the saddle at any distance to or from the 
centre within reasonable limits, which 
column is bored vertically to admit a strong 
circular stem fitted with insetting slide rests 
for the tools adjustable to the height of any 
packing which may be used. This leaves 
the ordinary saddles and rests independent. 
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Very strong cast-iron 
packings are also pro- 
vided for the fast head- 
stock, which are bolted 
to the bed and require 
no adjustment for 
truth. "There are also 
strong steel casting 
traverse packing for 
the loose headstock, 
which require no ad- 
justment and do not 
increase the width, and 
which, moreover, make 
it as free to move along 
the bed as before. In 
order to secure this 
power movement a 
1 Sb.h.p. Westinghouse 
motor running at 
570r.p.m. operates on 
the gearing for thc 
head and saddles. This 
is shown in Fig. 7, 
illustrating this most 
interesting lathe, which 
is 25ft. between centres and has a 17ft. 
6in. swing. 

Of almost equal interest 15 the boring 
machine, made by the same firm for the 
purpose of boring steam turbine casings 
after they have been fitted together. ‘They 
rest upon the base plates of the machine 
in the same position that they afterwards 
take as they lie in the ship, the machine 
performing the work accurately round and 
parallel. This machine consists broadly 
of a wide slide bed with two driving 
shafts, having at the middle a guide screw. 
At the end is fixed a self-contained stock 
with a cone pulley, and three complete 
systems of machine cut gear. Upon the bed 
and sliding upon it is fixed a strong standard 
with quick power reversing speed and two 
independent systems of variable feed, one on 
each side of the bed with a swing frame. 
The set of change wheels, shown in Fig 8, 
illustrating the boring machine, is common 
to both. Upon the standard is fitted a 
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special patent driving headstock saddle, con: 
taining two independent systems, one for 
rotating the bar for quick speed through 
bevel and spur gearing, with a solid disc 
spindle, and the other through a machine-cut 
worm gear and tubular spindle, with special 
detail for eliminating friction. Both these 
systems are connected to a strong three-jaw 
chuck, which firmly grips the boring bar ; the 
headstock is balanced and has hand vertical 
adjustment to obtain the exact height from the 
work-plate required. ‘This plate is firmly 
attached to the bed and made as true as 
possible, and long and wide enough to allow 
the casing to be bolted thereon. The stays 
at each end are planed with tee grooves 
from the solid. ‘lwo very strong standards, 
which һауе cast - steel stays, adjustable 
vertically, are fitted with caps so that the 
boring bars are dropped into place. Two 
sizes of holes are bored in these stays, suit- 
able to either small or large diameter bars. 
The boring machine is fitted with Barrows’ 
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patent differential boring bars for turbine 
casings. It is well known that a r2in. boring 
bar is insufficiently strong to bore the largest 
marine cylinder, and that turbine casings are 
double the diameter and five times the length 
of a cylinder. Moreover, a solid t2in. bar 
4oft. long, weighing about seven tons, is as 
heavy as a hollow 17in. bar having more than 
double its tortional value, the deflection in a 
hollow bar being enormously less. Hence 
by the use of Barrows’ patent bars absolutely 
true and concentric boring can be obtained. 
The boring machine has a bed of soft. 
long by 2oft. wide and is driven by means 
of a Westinghouse motor running at 
57or.p m. with a belt drive as shown in the 
illustration. 

Adjacent to, and parallel with, the new 
erecting shop just described, is the fitting 
shop devoted to the same class of engineering. 
It is nearly the same length as the erecting 
shop, and contains, besides the usual com- 
plement of fitters’ benches, a group of radial 
drillers which has a rather interesting drive 
by means of a shaft, belt-driven from a 
motor mounted on one of the columns. This 
motor, which is of 3ob.h.p., is specially 
constructed as regards oil wells, base- 
plate, &c., so as to be mounted directly 
on the vertical face of the column. "The 
shop is dominated by three cranes, all of 
which are electrically-driven : an exceedingly 
light and efficient type being one by Messrs. 
Marshall, Fleming & Jack, which is of the 
girder type, giving by its light lattice 


construction the maximum strength with the 
requisite lightness for quick-speed work. 


It is impossible, of course, to draw a hard ` 


and fast line as regards arrangement between 
the fitting and machining departments, 
and in this bay are to be found a large 
boring machine made by Messrs. Smith, 
Peacock, & Tannett, capable of work up to 
1001n. diameter, and separately belt-driven 
from a roh.p. motor, together with two 
wall planers by Messrs. Hulse & Co., of 
Manchester, capable of taking work up to 
20ft. by 18ft. The latter, together with other 
machine tools, are driven from a main shaft 
by means of a 3oh.p. motor. 

The heavy machine shop and the medium 
machine shop are completely equipped 
with a series of tools, which could not be 
described in detail in an article of these 
dimensions, but of which representative 
types may be taken. А very powerful 
vertical slotting machine, illustrated іп 
Fig. 9, has been supplied by Messrs. 
Thomas Shanks & Co., and constitutes one 
of the most modern tools of this nature. 
The bed is 14ft. long, and the opening in 
the frame for work 15 7ft. wide and 3ft. 81п. 
high. ‘The diameter of work which can be 
slotted in the middle is то. Тһе work 
table is Sft. in diameter, with the slides 
flattened to 64ft. A balanced cast-steel tool 
slide is driven by means of a screw with 
thrust bearings and gearing, and has a 
slotting stroke of two speeds up to 6ft., with 
a planing movement of one speed up to 7ft. 
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It is capable of slotting or planing 6ft. in 
width and the adjustment of the vertical bed 
is 3ft. Тһе fast and loose pulleys are 
suitable for belts 6in. wide, and the machine 
is driven by means of fast and loose pulleys 
off a countershaft drive. ‘This combined 
slotting and planing machine built under 
Barrows’ patent is extremely useful for the 
heavy forgings machined by Messrs. Palmers’, 
such as solid or built-up cranks, stern posts 
or connecting rods, and is used for slotting 
the keyways for such work as propellers. 
A cross planing motion of the machine 
dispenses with the necessity for a transverse 
slide and overhanging work can be supported 
so as to be slotted or grooved at different 
positions. Internal grooves can also be 
slotted in work which when rotated would 
not otherwise clear the uprights, and the 
resetting of workisin many cases eliminated. 
It will therefore be seen that the machine 
is representative of the most up-to-date 
practice. 

Another interesting machine in this de- 
partment is a large lathe made by Messrs. 
Muir & Co., Ltd., and shown in Fig. ro. 
This machine has 54іп. centres with a bed 
48ft. long, and will take work up to 32ft. 
long between the centres. The diameter of 
the largest cone is 3ft. 
and the front neck of 
the spindle is 18in. in 
diameter and 2ft. long. 
The headstock gear 
is arranged to work 
in double, treble or 
quadruple gearings, 
and four carriages are 
fitted, each having a 
self - acting motion 
along the bed. 

There are four in- 
dependent tool slides, 
each  selfacting by 
screw and bevel gear, 
with clutches for en- 
gaging and disengag- 
ing the tools. Two 
of these slides are 
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arranged forturning pins, \c.,andtwo forcom- 
pound rests for turning shafting, all the slides 
being interchangeable on the carriages. This 
machine has been in daily use for a con- 
siderable number of years, and has proved 
itself to be one of the most reliable heavy 
lathes which could have been obtained. 
Among other heavy machines in this shop 
may be mentioned the large  planing 
machines by Messrs. Hulse & Co., and other 
makers. 

The work in the medium machine shop is 
transported to position by means of either of 
two cranes of very light and powerful type, 
one being by Messrs. Marshall, Fleming & 
Jack, of generally similar description to the 
one mentioned above. Among the machine 
tools in this section may be mentioned some 
useful horizontal and vertical drilling, tapping 
and boring machines of the duplex type, 
made by Messrs. Noble & Lund, and shown 
in Figs. 11 and 12. 

With regard to the vertical machine, a 
strong cross slide is carried on the top of two 
cast-iron columns and is fitted with two drill- 
ing heads, each having a steel spindle 3in. in 
diameter with a self-acting or hand vertical 
traverse of тёш. ‘These spindles аге 
balanced, and are capable of being raised or 
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lowered quickly in addition to the ordinary 
slow hand motion. A range of eight speeds 
Is obtainable by means of a four-speed cone 
and change gear on each saddle, the speed 
ranging from 20 to 150 revolutions, with a 
countershaft speed of  i160r.p.m. Either 
spindle can be started, stopped or reversed 
independently of the other. The tables are 
each 3ft. rin. wide by 3ft. long on the top, 
and about 2ft. deep, having planed tee slots 
on the top and front side. They are 
separately movable in or out by worm or 
wheel, or rack and pinion, and if necessary, 
they can be moved together, forming one 
complete table. The distance between the 
columns is 7ft. 3in., and the distance between 
the spindles ranges from gin. to 6ft. 3in. 
The horizontal machine is of the same 
general type, with constructional differences 
which can be seen from the illustration. 
Among the lathes in this department are 
several of exceptional power constructed by 
Messrs. Dean, Smith, Grace, Ltd., and a 
typical lathe is shown in Fig. 13, designed for 
high-speed work with the latest class of tool 
steel. It has 16in. centres, the driving cone 
being 34in. diameter on the top speed, driving 
a 6łin. belt. The bed is 2ft. біп. wide over 
the vees and rft. біп. deep, being of large 
proportions in the slide and wearing surfaces 
The front bearing of the fast headstock 1s 
gin. diameter by 12in. long, and the drive 15 
through a five-speed cone pulley, varying 
from 121п. to 34in. diameter, the gearing 
giving a ratio of 13.8 to 1. А uniform 
range of speeds suitable for all classes of 
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work has been obtained by correct grading 
of the cone and gearing, ranging from 
5.04r.p.m. to 14.13r.p.m. with the gear, and 
from 70.05r.p.m. to 566r.p.m. without the 
gear. The cone bearing is continuously 
lubricated by a stream of oil, the self-acting 
feeds are positive, contained in a box on the 
front of the headstock, and give four, eight, 
and sixteen cuts, or eight, sixteen, and thirty- 
two cuts per inch. The lathe is capable of 
taking a cut rin. deep by lin. feed at a 
cutting speed of soft. per minute, which 
means that it will reduce a forging 2in. in 
diameter at this speed and feed. ‘The whole 
of the machines in this shop are driven by 
means of electricity from shafting and belting 
in groups. 

The light machine shop and the screwing 
room are principally tended by apprentices, 
effecting considerable economy in labour 
costs. In the former department there are two 
very high-speed travelling cranes, each capable 
of lifting two tons, and made by Messrs. 
Marshall, Fleming & Jack. These are 
operated from the floor, so that the man who 
slings the weight to be carried also operates 
the crane. Among the machines in this de- 
partment may be mentioned a vertical mill 
constructed by the Niles Tool Works, for 
the purpose of boring cylinder liners up to 
4ft. 6in. in diameter and 6ft. long. It is 
capable of getting a cutting speed of 6oft. per 
minute оп steel. The screw room is occupied 
by a series of automatic and semi-automatic 
screw and stud making machines, principally 
constructed by Messrs. Alfred Herbert 
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Ltd., and driven in 
groups by electric 
motive power. As all 
thescrews, studs, &c., 
required by the firm 
in its various depart- 
ments are made in 
these works, there is 
a series of automatic 
stud machines with 
magazine attach- 
ments, shown in Кір. 
14. This type of 
machine is too well 
known to require de- 
tailed description, but 
it may be mentioned 
thatacam shaft driven 
by worm gearing, and 
which can be driven 
fast or slow for any 
portion of its cycle — 
the changes being made automatically— 
operates the various motions. It is thus pos- 
sible to feed the tools while cutting on a slow 
speed and to use the fast speed in order to 
withdrawthe tools, rotatethe capstan, bringing 
the tools into position to commence cutting 
and operating the chuck and bar feeds. The 
studs are made in two operations, the first 
consisting of screwing, ending and parting 
off, and the second by chucking from a 
magazine, screwing and ejecting. These 
single-slide machines are capable of making 
studs from bright or black bars, which have 
not been previously turned, up to r]in. in 
diameter. ‘The method of drive adopted in 
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17. SPECIAL ROD-CUTTING MACHINE. 


this shop is by means of belting on overhead 
shafting connected to the motor. The 
whole of the tools, gauges, &c., required 
in the fitting and machine shops above 
described, together with the turbine blade 
department, are standard, and brought to 
gauge ina specially built tool room, having 
a full complement of grinding, drilling and 
milling machines of great accuracy, in order 
to assist in preserving perfect standardisation. 
A measuring machine constructed by the 
Newall Engineering Co., Ltd., is placed in 
this department, Fig. 15 showing the com- 
plete machine, while Fig. 16 illustrates the 
headstock. This machine is graduated to 
give readings down to ;o) ,)th part of an 
inch. The graduations on the measuring 
wheel are arranged so that the size indicated 
can be read in decimals of an inch. An 
automatic adjustment is provided to keep an 
even, constant tension on the measuring 
screw, and compensation for error in the 
measuring screw is made by a special device. 
The indicator is of the spirit-level type, 
the level being curved, and any tilt given 
to it due to pressure on the anvil is 
magnified enormously, the movement of 
D 
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the bubble being 4,000 times that of the 
anvil. 

The turbine blading department, which is 
a development rendered necessary owing to 
the extreme rapidity with which marine tur- 
bines are becoming standard practice in war- 
ship and mercantile marine construction, is 
fitted with a most up-to-date series of tools 
for producing turbine blades in an almost 
automatic manner. The material is brought 
in in the form of long rods of the required 
section and cut off in a Taylor & Challen 
press, which cuts and serrates the blades at 
the rate of approximately one hundred a 
minute. The caulking pieces are cut to 
length by means of a special machine made 
by Messrs. John Holroyd & Co., Ltd., the 
bar resting on a flat support at the right-hand 
end of the bed, and being pushed against a 
table disc, which automatically sets the bar 
as the operator puts the cross slide onto the 
saws. ‘The bed is 4ft. long and the machine 
has 7in. centres, and is shown in Fig. 17. 
The blades are then notched in order to 


receive the binding 
wire which supports 
the outer periphery, 
and this machine is 
alsosupplied by Messrs. 
John Holroyd & Co., 
Ltd., and is shown in 
Fig. 18. It will be 
seen that a cross slide 
bolted to the bed 
carries a vertical slide 
with a special link- 
locking device by which 
the blade is firstgripped 
and then forced down 
against the saw. Stops 
are provided to set the 
blades properly, the 
vertical slide being 
brought up by springs. 
The machine, which 
carries a 4in. nicking 
saw, will take blades 
upto 24in. long. After 
the blades have been 
nicked, they are tipped at their outer end by 
means of a special taper cutter, designed by 
Messrs. Parsons, Ltd., so as to remove un- 
necessary strength at the end, making the 
blades susceptible to easy wear in the case of 
touching, this being preferable to the blade 
stripping due to excessive rigidity. An in- 
teresting attachment in this department is the 
portable milling machine for turbine cylin- 
ders, constructed by Messrs. Palmers. ‘This 
machine is designed for cutting grooves in 
turbine cylinders and consists of a base slide, 
which has two end flanges, enabling the 
machine to be clamped to the flanges of the 
turbine cylinder. On this base slide is 
mounted a compound slide carrying the 
vertical slide. The cutter head is fitted to 
the vertical slide, and is adjusted in this 
direction by hand wheel and screw gearing. 
The drive is obtained from a pneumatic 
drill motor carried on the cutter head. It 
will be seen that the application of pneu- 
matic drive is of utmost value in turbine 
construction. 
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It will be impossible to do more than 
briefly summarise the remaining departments 
of Messrs. Palmers’ equipment for marine 
constructional purposes, inasmuch as our 
space has been taken up by showing the 
way in which electric power is now applied 
to up-to-date machine shop equipment. It 
must not be forgotten that the boilers, as 
well as the engines and turbines, are made 
by the firm for their own and other people’s 
requirements. In the boiler shop the main 
drives are at present controlled by a high- 
class compound surface-condensing steam 
engine, but for crane and lighting purposes 
electricity is employed. Heavy marine 
boilers can be turned out at the rate of one 
per week, and in addition a speciality of the 
department is the 
manufacture of the 
well- known water- 
tube boiler (see Fig. 
22)whichis the inven- 
tion of Mr. J. W. Reed, 
the manager of the en- 
gine works depart- 
ment. Owing to the 
very large size of 
plant required in the 
boiler shops, hy- 
draulic power is ex- 
tensively used. Figs. 

19 and 20 show two 
typical machines in 

this department, con- 
structed by Messrs. 
Hugh Smith & Co., 

Ltd., of Possil Engine 
Works, Glasgow. The. 
first is their patent — 
hydraulic boiler shell 
riveting machine, ~ 
capable of putting а ~ 
pressure of 150 tons 
to close the plates, 
and 150 tons to form 
the rivet. The ma- 
chine has a 12ft. gap, 
and, as will be seen, 
is of very powerful 
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construction. ‘The vertical plate - bending 
rolls are adopted for bending heavy boiler 
plates for the marine type of boiler made 
by the firm, and will take plates cold 
up to 120. дїп. broad and rin. thick, 
the rolls being made of forged steel and 
the two back rollers being supported on 
roller bearings. The front roller is made 
with an eye on the top gudgeon, and with 
the bush so arranged that the roller can be 
drawn up by the crane for the purpose of 
taking off the plates when these have been 
bent to a complete circle. 

Among the other machines in these shops 
are a plate-edge planing machine, capable of 
taking a plate 35ft. by r2ft. wide, and 
planing two edges simultaneously, a 200-ton 
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hydraulic flanger, a special boiler shell 
drilling machine with four drilling heads, 
a two-headed machine for drilling and 
tapping holes for stays and stay tubes, and 
screwing the stays of tubes into position 
without the use of hand labour, together with 
a large number of other special tools. It 
should be mentioned that vertical rolls for 
boiler shell plates were first used in Messrs. 
Palmers' works. 

The brass foundry and the blacksmiths’ 
shops are two of the more recent additions 
to the works equipment, and deserve 
consideration from the point of view of 
electrical equipment. In the former 
department there is а 10-ton electric crane 
for handling the castings, and auxiliary 
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machinery, such as 
the pneumatic com- 
pressor for the chip- 
ping tools, grinding 
machines for dressing 
castings by means of 
carborundum wheels, 
andaspecial machine 
for washing the floor 
refuse and ash of the 
foundry in order to 
recover brass, and 
which consists of an 
inclined dish carry- 
ing a heavy ball, 
through which dish a 
stream of water bear- 
ing the refuse is 
passed, reducing it to 
a fineness prepara- 
toryto separation and 
recovery, are electri- 
cally driven. In the 
blacksmiths’ — shop 
twenty-eight hearths 
are supplied with 
blast from a pressure 
fan direct-coupled to 
a 3ob.h.p. British- 
Westinghouse motor 
running at 86or.p.m. 
Aninteresting feature 
about the arrangement of these hearths 
is that all fumes are led away to a cen- 
tral duct under the floor, and exhausted 
by means of a vacuum fan, giving 3}in. 
vacuum by water-gauge and driven by a 
25b.h.p. Westinghouse motor. This keeps 
the atmosphere of the blacksmiths’ shop 
exceptionally cool and clear, rendering it 
probably one of the finest examples of such 
an establishment in the country. The 
hammers, which are made by Messrs. C. & A. 
Musker, Liverpool, are of rocwt. and scwt. 
size, and are driven by an air pressure of 
roolb. per square inch. A motor is mounted 
directly on the wall, being of special side 
consiruction, for driving a small Pilkington 
hammer for light forging work. А switch- 
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board for this department was constructed by 
Messrs. Palmers' own electrical staff. 

Both in the pattern shop, where a 3oh p. 
motor drives shafting which operates circular 
saws, planing machines, lathes, band saw, 
&c., the metal foundry where the cranes are 
electrically driven, and in the brass finishing 
shop, where there are miscellaneous tools for 
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grinding, drilling, &c., the dominant features 
are, firstly, the care with which everv stage of 
the firm's work is carried out by means 
of modern equipment, and, secondly, the 
extensive use which is being made of electric 
drive. As an example of the completeness of 
the firm's equipment may be mentioned 
a tool which would be considered in many 
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“REED” WATER TUBE 
BOILER. 


THE 


shops rather a refinement, but yet which 
amply justifies its existence at Messrs. 
Palmers’. This is a pantographic tool for 
engraving name plates, constructed Бу 
Messrs, Taylor, Taylor & Hobson, Ltd., 
of Leicester, This, by means of a panto- 
graphic action, is capable of engraving 
letters, figures, and other designs on metals 
either in relief or in intaglio, the size of 
the letters ranging from Zin. to sin. 

There is always a difficulty in describing 
the operation of works of such large size as 
those of Messrs. Palmers’ Shipbuilding and 
Iron Company, Ltd., to preserve balance 
between the various parts of the description, 
and the above notes by no means exhaust 
the importance attaching to the subject as 
an example of the application of electric 
power to the production of iron and steel, 
and in marine engineering. It is hoped, 
however, that they may to a certain extent 
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provide a suitable line of thought for other 
engineers who аге contemplating the 
electrical equipment of similar industrial 
concerns, and the author has to acknowledge 
the very great courtesy which has been 
shown to him by Mr. J. W. Reed, the 
manager of the engine works department, 
and Mr. Douglas Upton and Mr. James 
Prosser, the manager and engineer re- 
spectively of the steel and iron works 
department, in providing him with ample 
facilities for obtaining technical information 
for the present article. Mention must also 
be made of the courtesy of Mr. Malcolm 
Dillon, the Local Director of the Company, 
for granting him in the first place permission 
to examine the operations o! the firm, which 
ranks among the first of its kind in the 
United Kingdom, and possibly in the whole 
world. 
J. A. SEAGER. 


ELECTRIC PLANT AT THE PANTYFFYNNON 
COLLIERY. 


OD 


Carmarthenshire district of South 

Wales to use electrical power for 
operating its plant was the Park and Dlaina 
Colliery Company, Pantyffynnon. At these 
collieries there has been in operation during 
the past seven years a three-phase plant, and 
its capacity has lately been increased to 
about 4ooh.p. Electrical energy is used for 
pumping, haulage, and screening purposes, 
and as the steam generating plant docs not 
call for special notice the electrical plant 
only will be described. 

One section of the colliery consists of a 
main slant about 1100 yards in length, and 
dipping т21п. in the yard. By the side of this 
is an air slant about 1200 yards in length, 
with a dip of 2ft. in the yard, these two 
slants being connected by a level at a dis- 
tance of 1100 yards from the surface. ‘The 
two slants are also connected about 600 yards 
from the surface by a cross measure drift. 
Owing to the heavy dip which exists for the 
greater part of the length of the air slant the 
expense of hauling the coal worked from the 
headings driven from this side of the work- 
ings would be prohibitive, so to avoid this 
the coal 1s hauled up as far as the cross- 
measure drift, through which it is hauled to 
the main slant and thence to the surface. 

The workings consist of a large number of 
levels driven over a wide area, and as the 
gradient in some of them is rather steep the 
conditions of haulage are somewhat severe. 
The question of providing an economical 
method of haulage has, however, been satis- 
factorily solved by installing a very complete 
system of electric haulage at suitable points. 

The second scction of the colliery consists 
of a pit situated in the Park district, about 
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one mile distant from the Pantyffynnon 
workings. The application of electric power 
is at present, however, confined to the 
Pontyffynon workings, the power-house 
being situated between the two slants. The 
situation of the power-house is, therefore, 
ideal for power transmission purposes, and 
this fact was not lost sight of by the com- 
pany’s electrical engineer, Mr. G. Thomas, 
when setting out the underground system of 
distribution, as will be seen later on. The 
generating plant consists of а gokw. Brown- 
Boveri 500-volt, 40-period, three-phase, star- 
connected alternator, having a direct-coupled 
exciter. This set is rope-driven by a 
Marshall cross-compound engine taking 
steam at 125lb. pressure and developing 
Iooh.p. Тһе speed of the alternator is 
440r.p.m. This set represents the first por- 
tion of the plant which was installed by the 
Corlett Electrical Company about seven 
years ago. The latest addition. to the 
generating plant consists of a 220h.p. com- 
pound double-acting two-crank Bellis and 
Morcom engine, direct-coupled to an A. E.G. 
187k.v.a., 525-volt, 4о-репоа, three-phase, 
star-connected, flywheel alternator running at 
a speed of 4oor.p.m. Тһе exciter is carried 
on an extension of the alternator shaft, and 
has an output of 4kw. at 115 volts. 

Energy for lighting the colliery is supplied 
by a direct-current shunt-wound generator 
having an output of 5kw. at 115 volts at a 
speed of 43or.p.m. This generator is direct- 
coupled to and mounted on the same bed- 
plate asa Marshall high-speed vertical engine 
taking steam at roolb. pressure and having 
an output of 11h.p. at a speed of 435r.p.m. 
when working non-condensing; this set 
also serves as an auxiliary source of excitation 
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for the main generators. These two sets, 
forming the extension to the generating 
plant, were supplied by Messrs. The Electri- 
cal Company, Ltd., who also supplied the 
necessary extensions to the main switchboard 
consisting of two generator and feeder panels 
provided with the usual instruments and 
switchgear. "The steam side of the generat- 
ing plant exhausts into a Worthington jet 
condenser which gives a vacuum of 26in. 
The load on the generating plant consists of 
seven haulages, seven three-throw ram- 
pumps, three Sulzer turbine pumps, one air 
compressor driven by a 35h.p. motor which 
is used for operating boring drills, also one 
3oh.p. motor for driving the screening plant 
at the Park colliery—the whole representing 
a total of twenty-one motors including spares. 

From the above description it will be seen 
that the generating plant has to deal with 
a widely fluctuating load, due chiefly to the 
frequent starting and stopping of the different 
haulages. The question of voltage regula- 
tion is therefore of great importance in such 
cases, and when this plant was first started, 
great difficulty was experienced in obtaining 
satisfactory regulation, notwithstanding the 
fact that a man was constantly kept at the 
switchboard. This difficulty has now, how- 


DIAGRAM SHOWING THE ELECTRICAL TRANSMISSION SYSTEM OF THE PANTYFFYNNON COLLIERY. 


ever, been entirely overcome and satisfactory 
regulation obtained by installing a Tirrill 
regulator, which was supplied by the British 
Thomson-Houston Company. This appara- 
tus is particularly adapted to colliery installa- 
tions of moderate capacity where it would 
not pay to keep a man constantly at the 
switchboard, the advantages to be obtained 
from its use being (1) better regulation than 
is possible with hand control; (2) a reduc- 
tion to a minimum of the amount of 
skilled attention necessary, an advantage 
which should appeal particularly to colliery 
managers. 

As regards the underground distribution, 
this has been arranged by the manager, 
Mr. Roblings, and Mr. Thomas on the ring 
main system, this being rendered possible 
by the ideal situation of the power-house 
regarding its position in relation to the 
underground workings. А complete diagram 
representing the arrangement of the circuits 
both above and below ground is shown in 
Fig. 1, a reference to which clearly shows 
that the introduction of the ring main system 
will have the effect of greatly reducing the 
voltage drop. Ав it is very unlikely that 
both sides of the ring main would be fully 
loaded at the same time, the side carrying 
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the lighter load would act as a feeder for the 
heavier loaded side, thus reducing the drop 
on the system. ‘The advantages of the ring 
main system in colliery workings cannot be 
over-rated from the points of view of 
economy and latitude in working, but unfor- 
tunately its application 15 not always possible 
in colliery work. 

The motors used for underground work 
are of the slip-ring type with the exception 
of three small pump motors which have 
squirrel-cage rotors. There are several 
makers represented in the motors used. 
The motors supplied by the Electrical Com- 
pany for underground work include a 48b.h.p. 
intermittently rated motor running at a speed 
of 576r.p.m. and specially designed for haul- 
age work. ‘The slip-rings of this motor are 
brought outside the frame and totally 
enclosed, the motor being controlled by a 
vertical reversing oil-immersed controller 
provided with separate resistances of the 
grid type. For driving machine tools on the 
surface this company have also supplied a 
25h.p. slip-ring motor running at a speed of 
about 770r.pm. and started by means of a 
liquid starter. Also a 5h.p. squirrel-cage 
motor operating at about the same speed 
and used for pumping purposes. The under 
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ground plant also includes four haulage 
gears, each driven by a 4oh.p. Brown-Boveri 
slip-ring motor and two other haulages each 
driven bya доһ.р. British-Thomson-Houston 
slip-ring motor. It is of interest to note that 
the latter company have just received an 
order for the supply of motors of similar 
capacity for driving three other haulages in 
course of erection. 

As already stated, pumping operations are 
carried out by seven three-throw ram pumps 
and two Sulzer turbine pumps (in these 
workings) of different capacities. The 
motors used for driving the ram pumps vary 
in ouput from sh.p. to 3oh.p. and have been 
supplied by Messrs. Brown-Boveri, The 
Lancashire Dynamo and Motor Company, 
and Mather & Platt. Тһе turbine pumps 
are driven by motors supplied by The 
Electrical Company and  Brown-Boveri. 
They are of the portable type and are used 
to deal with any sudden inrush of water 
liable to occur at different parts of the work- 
ings. For this reason they are only of small 
capacity, viz, 50 gallons and 30 gallons 
per minute against r2oft. and soft. heads 
respectively. A rough idea of the arrange- 
ment of the various haulages and pumps is 
given by the diagram in Fig. 1, which also 
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GENERAL VIEW OF SCREENING PLANT, &C., AT THE PANTYFFYNNON COLLIERY. 
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shows that the underground distribution is 
carried out partly by three core and also 
by mains consisting of three separate cables. 
These cables are all supported on insulators 
and slung as near the roof as possible. ‘The 
importance of having a well-laid-out system 
of underground cables cannot be over-esti- 
mated from the point of view of safety and 
freedom from faults, and especially is this the 
case when energy is transmitted over a large 
area, as is the case at this colliery. 

In connection with this installation there 
are two transmission lines. Опе line trans- 
mits power to a screening plant in the Park 
district. It is about 1100 yards in length 
and consists of three bare copper wires of 
7/148.м.р. supported on poles placed доб. 
apart, at a height of 2oft. above the road. 
Owing to its proximity to a number of tele- 
graph and telephone wires it is protected 
over the greater part of its length by screen 


wires which are well earthed. The line is 
protected from lightning discharges by 
Wurtz arresters placed at each end. A 
second transmission line conveys power to 
some old workings which are to be un- 
watered by a five stage Sulzer turbine pump 
having a capacity of 250 gallons per minute 
against a total manometric head of 3ooft. 
This pump is driven by an 8oh.p., two-pole, 
470-volt, 40-period, three-phase motor pro- 
vided with a short-circuited rotor. ‘This 
motor runs at a speed of 234or.p.m., and 
was supplied by the Electrical Company. 
The transmission line, which is 7oo yards 
in length, consists of three 19/16s.w.y. bare 
copper cables supported on poles at intervals 
of 4oft., having lightning arresters at each end. 
In conclusion the writer's thanks are due 
to Mr. Roblings, Mr. Thomas, and Messrs. 
The Electrical Company, Ltd., for much 
information dealing with the above plant. 


THE ELECTRIFICATION OF STEAM-DRIVEN 
NON-REVERSING ROLLING MILLS.* 


OD 


N estimating for the electrical equipment of 

I an existing steam-driven mill it is usual 
to take a series of continuous indicator 
diagrams of the engine, the mill for the time 
doing its hardest work. These diagrams are 
useful as a check from which to calculate 
the power of the motor to be installed, but 
great care must be taken not to place too 
great a reliance on the horse- powers as calcu- 
lated from such diagrams. Allowance must 
be made for the increased output and heavier 
duty required of the motor due to thc higher 
average speed, with consequent greater out- 
put following on the more even torque 
exerted by the electric motor as compared 
with the very uneven turning effort of the 
steam engine, and in these days it is better 
to estimate the horse-power of the motor by 
calculating the work it will be called upon 
to do from the data already obtained under 
the same or similar conditions. Knowing 
(1) the total output of the mill during a 
certain. period ; (2) the nature, size, and 
section of the raw material ; (3) the size of 
finished product ; (4) the cycle of operations 
---that is, the number and time of the passes, 
and the period of rest—it is possible, by com- 
parison and from figures already known from 
other installations, to estimate very closely 
the horse-power of the motor to be installed. 
A properly designed flywheel is of great 
assistance in reducing the size of the motor 
and enabling it to get over the peak loads 
without absorbing too great a current from 
the hne. ‘The tendency of the motor to slow 
down, due to a heavy load coming on, causes 
the flywheel to give up its energy, and as 
the load decreases and the motor speeds up 


energy will be returned to the flywheel. The 
ideal condition for a flywheel is when the 
highest load on the mill is accompanied by 
a reduction of the motor speed from the 
maximum to the minimum limit, so causing 
the flywheel to give up the greatest possible 
amount of energy, reducing thereby the 
demand made on the motor and by the 
motor from the line. "This period should be 
followed by a light load period, allowing the 
motor to regain its normal speed and restore 
the lost energy to the flywheel. It should 
be remembered that the time taken to 
extract the energy from ,the flywheel is 
usually considerably shorter than the time 
required to return the same amount of 
energy to it, assuming that it is desired 
to maintain the demand from the line as 
nearly constant as possible. In the perfect 
case the light load period is equal to or 
greater than the overload period. The use 
of a flywheel for levelling the output de- 
manded of the motor is not generally practi- 
cable if the time in rolling one pass exceeds 
about 30 seconds, and in such cases the 
introduction of a heavy flywheel would be 
open to very serious objections, inasmuch as 
the motor would, after a certain point in the 
pass, have to pull the flywheel round in 
addition to supplying the power required for 
rolling. This is the case in rolling long 
bars, rails, &c., and here a comparatively 
light flywheel is desirable, levelling only the 
smaller peaks and variations in the load, the 
motor being designed to deal with the main 
peaks without any external assistance. 

In those cases where a heavy flywheel 
is employed with the object of relieving the 
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strain on the motor, it is usual to employ an 
automatic device to ensure that the flywheel 
carries its fair share of the load. With 
direct-current machines the motors are 
always compounded, but to further increase 
the strength of the field use is made of 
a separate excitation, which increases the 
field current, so reducing the speed still 
further and obtaining a return of the fly- 
wheel energy during the correct period. 
With alternating equipment a slip regulator 
is employed, automatically introducing a re- 
sistance in the rotor circuit at times of heavy 
load; the resulting effect, however, is the 
same and is independent of the electrical 
characteristics of the installation. As a 
general rule it can be stated that, with a 
properly designed flywheel, the fluctuations 
of loads are only one-half of what they 
would be were the flywheel cffect not utilized. 

The proper place for the flywheel is, 
of course, on the highest running shaft; 
but this is not usually feasible, and conse- 
quently it is generally found that the flywhecl 
is fitted on a motion direct geared to the 
mill, thus preventing the extra strain on the 
motor and its gears or ropes. 

Flywheel equalisers are occasionally em- 
ployed to level up the demands on the power 
supply, but these are open to the same 
limitation as the direct use of a flywheel, and 
necessitate the motor being made large 
enough to deal with the maximum over- 
load. 

In merchant mills it is an advantage and 
practically a necessity to be able to vary the 
speed of the mill motor. With a direct- 
currrent power supply this isa comparatively 
simple matter, and it is quite easy to obtain 
direct-current motors which are capable of 
giving their full normal output over a wide 
range of speed, the speed variation being 
obtained by means of field regulation only. 
In such cases the efficiency of the motor is 


to all intents and purposes unaltered by | 


variation in speed, „Биё unfortunately the 
same cannot be said where the source of 
power is alternating-current. Тһе only 
practical way of reducing the speed of an 
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alternating-current motor is either by the 
introduction of resistance into the rotor 
circuit, or by choosing a suitable com- 
bination of the number of poles in the stator 
and distributing the stator winding to sult, 
to run at two or at the most three speeds 
with economy, these speeds being obtained 
according as the windings are connected to 
give one-half or one-third the normal 
number of pairs of poles. In the first case, 
speed reduction is obtained by means of, 
usually, a liquid type of controller, and over 
a very wide range, but with serious loss in 
efficiency (roughly the efficiency of an alter- 
nating-current slip-ring motor decreases in 
the same proportion as the speed decreases) ; 
and in the second case, a special controller 
grouping the stator windings in a suitable 
manner will give only two, or at the most 
three speeds, but give them with an efficiency 
only a few per cent. below the maximum. 
An attempt has been made to overcome the 
difficulty by adopting, in cases where a speed 
reduction is desired, a device in which the 
motor shaft carries a three-step rope pulley, 
and the necessary lengthened shaft is sup- 
ported at its free end by a pedestal bearing, 
the whole being carried on a base plate 
mounted on slide rails. In the event of a 
different speed being desired, the motor 
bedplate is slacked back, the ropes changed 
to the desired group of pulleys, and the 
motor drawn back to tighten up the ropes. 
In order to carry this alteration through in 
the minimum possible time, a small motor 
is usually fitted to operate the sliding base- 
plate screws, and under such conditions it is 
remarkable what a short space of time 15 
required to make a change. Іп an installa- 
tion of this character the men are accus- 
tomed to make the change in some three or 
four minutes, this time representing the 
period under normal circumstances and 
without any special effort. Such an arrange- 
ment has the disadvantage that only certain 
predetermined speeds are possible for the 
mill, but against this may be set the fact 
that the motor is working at full speed 
continuously and consequently operating 
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with the best possible efficiency—a most 
desirable condition. 

The method of transmitting the power 
from the motor to the mill rolls is worthy 
of careful investigation if the best possible 
results are desired from the change, and the 
opportunity should be taken to cut out any 
inefficient and unnecessary gearwheels, un- 
economical drives, &c. Very often local 
conditions render it impossible to adopt 
that which is evidently the best, but usually 
some considerable economy can be obtained 
with the introduction of a new form of drive. 
In the large majority of cases it is impossible 
to direct couple the motor to the mill, and 
some form of speed reduction is essential. 
In such instances, however, where the 
motor can be direct-coupled, it 1s advisabie, 
with the view of reducing the sudden shocks 
and strains on the motor, to introduce a 
flexible coupling. The extremely favourable 
results which have been obtained by the in- 
troduction of such a coupling more than 
justify the extra expenses incurred, and 
there is, moreover, no difficulty in obtain- 
ing flexible couplings which are capable of 
standing the most severe service met with. 
The slow speed of a mill compared with 
the size of the motor required render it 
advisable in most cases, on account of 
capital cost and the ditficulty in manufactur- 
ing slow-speed machines having really satis- 
factory electrical characteristics, to put in a 
high-speed machine and reduce by means 
of gears or pulleys to the required speed. 
Rope pulleys are often used to obtain this 
end, and have the same effect as the flexible 
coupling in the case of the direct-coupled 
motor. Where gears or direct coupling are 
adopted it is most important that the 
bearings of the motor should be properly 
designed, and also that the bearings of 
motors used in rolling mill work should be 
of more massive construction than is usual, 
and thoroughly well lubricated. With a 
properly proportioned bearing, a babbitted 
shell with ring lubrication is quite satis- 
factory, but on the larger sizes of motors 
it is sometimes desirable to introduce a 


proper system of forced lubrication with a 
suitable water-cooling device. 

Owing to the heavy and frequent over- 
loads that the motor must deal with, the 
shaft must be stiffened, and great care must 
be taken to see that the end windings of 
the motor are properly braced to prevent 
distortion. Where slip-ring motors аге 
employed the rings should be of ample 
section. Occasionally one meets with motors 
where the smallness of the rings has a 
serious effect in very much reducing the 
overload capacity of the motor owing to 
the smallness of the rotor currents, which 
can be dealt with without excessive sparking 
and heating at the rings. 

A great feature of any electrical equip- 
ment is the ease and absolute certainty with 
which the control of the motor is effected. 
The provision of a suitable outfit of record- 
ing instrument is to be recommended. 
Such an outfit should consist of a recording 
ammeter or wattmeter, showing the momen- 
tary fluctuations in the load on the motor, 
and an integrating wattmeter totalling up 
the power taken over a certain period. By 
keeping a correct log of these data it is easy 
to determine accurately the cost of rolling 
each particular section. А circuit-breaker 
should always be provided in the main 
circuit of the motor, the breaker being fitted 
with overload and no-volt release. The 
provision of a no-volt release is important, 
as this allows of the fitting of emergency 
switches at each housing and other suitable 
points, allowing the mill to be quickly 
stopped in case of necessity from any of 
several points. These emergency switches 
open circuit the no-volt release coil of 
the breaker, thus opening the breaker 
and cutting off the supply of current 
from the motor. For starting large motors, 
from all points of view a liquid controller is 
to be recommended. Such controllers, as 
now built, are highly satisfactory in opera- 
tion, and require little or no attention beyond 
an occasional addition of clean water to 
the liquid. The gentle starting and the 
comparatively small floor space occupied 
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more than counterbalance this little extra 
attention required. Large controllers of this 
pattern are usually fitted with cooling coils, 
the consumption of water for this purpose 
being about 3.3valls. per hour per h.p. 
dissipated. For the best results the tem- 
perature of the resistance liquid should be 
between 6odeg. C. and 8odeg. C. Occasion- 
ally it is advisable to clean the controller 
thoroughly, and to fill up with new solution. 

The author was able to give particulars 
of several conversions which have been 
carried through successfully, these covering 
mills actually in commercial operation at the 
present time which were originally driven by 
steam engines. 

Cold Rolling Brass Merchant Mi/f.—'This 
mill consists of one set of breaking-down 
rolls, one set of second breaking-down 
rolls, and two sets of finishing rolls. The 
breaking-down rolls are zoin. diameter, 3oin. 
long, and all are driven at 6r.p.m. by a long 
train of gear-wheels. Originally this mill 
was driven by a single-cylinder horizontal 
non-condensing engine, 28in. diameter, 4ft. 
stroke, and run with a boiler pressure of 
between 6olb. and 801. per square inch. 
The engine was fitted with an ordinary 
D slide valve and flyball throttle governor. 

The usual size of ingots dealt with in this 
mill are зіп. by r4in. by 7ft. These ingots аге 
rolled down to various gauges, No. 8 being 
about the average and also the usual size. 
In such a mill as described above, the ingot 
is first rolled into strip; this strip is then put 
through the cutting-up machine, resulting in 
pieces of rectangular section, which are then 
passed on to the draw benches to be drawn 
into ordinary brass wire. 

The motor is a 200h.p. 25-period 400-volt 
3-phase 240-revolution slip-ring motor, and 
it is direct geared, by means of cast-iron 
gear, to the mill. The gear ratio is about 
4.8 to І, the gears being зіп. pitch and 
і2іп. face. The motor is fed from the 
secondary of a 3-phase 5000-volt to 400-volt 
transformer. No flywheel is provided, and 
consequently the overloads are dealt with 
directly by the motors. In this case the 
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sustained overloads render a flywheel useless. 
Starting of the motor is carried out by 
means of a liquid starter, and an interesting 
feature is the installation of a number of 
emergency switches which, when used, open 
circuit the no-volt attachment on the primary 
switch (oil-break pattern) supplied. ‘This 
equipment has proved extremely satisfactory 
in operation, and the ascertained consump- 
tions per ton of material dealt with have 
come well within the anticipated results. A 
feature is the great saving of floor space 
occasioned by the installation of a motor in 
place of the original steam engine. 

A better example of such saving is seen in 
the case of a similar mill. Here the motor 
has an output of 25oh.p. at 250r.p.m ; it is 
of the slip-ring type, and in general exactly 
similar to the above outfit. The motor is 
direct-geared to the mill, and is placed 
underground, thus giving a very large 
additional flooring space, which, as this mill 
is in the heart of a large city and rather 
confined for room, is of the greatest possible 
value. This mill has two breaking-down rolls 
and six finishing rolls, as before, driven by a 
train of wheels. ‘The ingots dealt with are 
of brass 1oin. wide, rin. thick, and varying 
from r6in. to 18in. long. 

The original engine worked with a boiler 
pressure of about 5olb. per square inch: 
had a single cylinder of 25in. diameter by 
4ft. stroke; and ran at 53r.p.m. Тһе engine 
ran condensing, and it is interesting to note 
that the condenser was much too small for 
the engine at full load. Ас no-load the 
engine indicated 6ob.h.p., the average load 
was I20b.h.p, and the maximum load 
235b.h.p. 

'The mill was designed for and deals with 
brass and white metal; the average output 
has been considerably increased since the 
mill was converted. It has been found on 
the average that breaking down roin. by rin. 
by і2іп. brass ingots into strips for wires 
takes 86 units per ton. This mill has shown 
a very large saving over the original 
equipment. 

Iron and Steel Merchant Mill.—A mill 
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rolling a large variety of sections has been 
in constant use for some three or four years, 
and as the result of the experience gained a 
second mill was converted to the electric 
drive. The sections of steel rolled consist 
principally of— 


Rounds, jin. to гїп. diameter from 
аш. billets. 

Flats, rin. by Jin. to тіп. by rin. from 
old rails. 

Squares, Jin. to дїп. from qin. billets. 


The steels used are of varying hardness 
and range from o.2 to 1.2 of carbon. 

The mill consists of 5 pairs of їзїп. rolls 
running at 8or.p.m. as a minimum, and is 
driven through double helical steel gears, 
ratio т to 2.5. In this mill the 5 pairs 
of rolls practically comprise two mills having 
two gangs of men who work quite in- 
dependently of one another. It thus often 
happens that several passes are made at the 
same moment, but as the motor is very 
zenerously rated no difficulty has been 
experienced through ап exceptional load 
coming on and pulling up the motor. ‘The 
supply in this case 1s direct current, and the 
motor has a normal output of 2oob.h.p. at 
from 2оог.р.т. to 45or.p.m. The machine 
is fitted with commutating poles, speed 
variation being obtained by the use of a field 
rheostat. As the rating of the motor is 
extremely liberal, overloads of тоо per cent. 
and 150 per cent. can be carried for fairly 
long periods without sparking or harm to the 
machine. The steam engine which this 
motor replaced was a very old beam engine, 
but this fact does not in any way discount 
the saving which has resulted. 

Since the mill was electrified an increase 
of output of over 30 per cent. in material 
rolled and a decrease in the power consunied 
by бо per cent. have been obtained. These 
figures have been ascertained by a careful 
log over a long period, and are certainly a 
remarkable tribute to the advantage of the 
electrical drive. The works in which these 
mills are installed have a very large 
power plant consisting of gas and turbine- 
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driven machines, and consequently the cost 
of power per unit generated is very low. 

Sheet Iron МИГ. —A very good example 
of a mill of this pattern is being operated 
by a 350b.h.p. slip-ring motor off a power 
company's supply. "The mill has three pairs 
cf housings of the two-high type barring, 
roughing and finishing rolls, and deals on 
an average with 6oolb. blooms, rolled into 
sheets той. by 4ft. by in. The motor is 
designed to run normally at 4ocr.p.m. when 
fed from a three-phase forty-period 400-volt 
supply. Itis fitted with rope pulley 4ft. біп. 
diameter arranged for twenty-two гп. 
ropes, the outer end of the shaft being 
carried оп a pedestal bearing, and the 
whole carried on a bed-plate and slide 
rails. 

The control of the motor is effected by 
means of a hand-operated liquid starter and 
regulator, the controller being fitted. with 
cooling coils as previously mentioned. 

The motor drives by means of the ropes 
on to a second pulley той. біп. diameter 
and weighing 14 tons. The shaft of this 
pulley is geared to the mill, ratio 1 to 3.75, 
giving a normal speed of the mill of about 
45r.p.m. The gears are r7in. face 4}in. 
pitch. 

Steel plates are rolled from billets, and in 
an actual case two billets each 3ft. by 8]in. 
by din. have been rolled into strips each 
8ft. зіп. by 33in. by о.обдіп. in from 120 to 
150 seconds. ‘This period covers five or 
six roughing passes and twelve to fourteen 
finishing passes. The consumption of power 
in this particular mill was 6.5 units per pair 
of billets or 95 units per ton. | 

In a second example of work done by the 
same mill, the billets as before being dealt 
with in pairs, two billets each 4ft. 2in. by 
roin. by rin. were rolled down in eight or 
nine roughing passes and five to eight 
finishing passes to sheets each 8ft. by 4ft. 
by o.o8oin. at an energy consumption of 
7o units per ton (10 units per pair of 
billets), the time for one rolling averaging 
170 seconds. 

Since having had experience of the above 
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it has been decided to equip electrically a 
second and larger mill at the same works. 

It is extremely difficult to obtain reliable 
figures as to the cost of rolling the different 
classes of material. For purposes of 
comparison, however, it is useful to know 
the power consumption for rolling different 
classes of material, and, knowing the cost 
per unit for the local condition, to arrive at 
some definite figure which will be a very 
close approximation to the actual power 
costs for a certain. section. In апу 
comparison of cost of rolling under the two 
methods of driving the only fair method 
of judging the relative merits is by the 
observation of the costs over a period : thus, 
in the case of a steam-driven mill including 
all stand-by losses, oil, waste, stores; and 
with the electrically driven mill making full 
allowance for the increased output or a 
similar output in less time. 

For several of the figures given below the 
author is indebted to the paper by Messrs. 
Koettgen and Ablett before the Iron and Steel 
Institute ; other figures are given represent- 
ing the actual ascertained consumption from 
certain mills as determined by careful calcu- 
lation and observation made over a long 
period. 

Rails and Girders.—Re rolling 9olb. rails 
of section 16lb. per yard, each piece 3oft. 
long, required 56 units per piece. Total 
output of mill 48oo pieces per 12 hours. 
Small mining rails rolled from billets 5in. by 
5łļin. and weighing from goolb. in the case 
of 28lb. per yard rails to an average of 650 
in the case of 18lb. rails required as follows 
per ton rolled: 281b., 38 units.; 24lb., 42 
units; 2olb., 45 units; 18lb., 48 units. 
Smaller rails of 121b. and 8lb. section require 
rom 49 to 54 units per ton rolled. 

Girders іліп. by біп. can be rolled for 
about 50 units, per ton. 

Channels averaging rlin. by iin. by 
о.о21п. require бб units. 

Angles 3lin. by зїп. by ğin. from 
8oolb. billets require 50 units. 

Sheets (iron), 8ft. зіп. by 33in. by 
o.o64in., 95 units per ton; 8ft. by 
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48in. by o.o8oin., 7o units per ton ; 
1oft. by 48in. by о.о67іп., 80 units 
per ton; той. by 48in. by o.125in., 
60 units per ton; oft. 6in. by 42in. 
by o.ogin., 84 units per ton. 

Breaking down roin. by rin. by raft. 
brass ingots into strip about No. 8 
gauge, 86 units per ton. 

Rounds and squares: iin. rounds can be 
rolled at between 4o and 36 units per ton. 
The mill output is between 22 and 3o tons 
per shift. Average billet, 28in. by 4lin. by 
дїп. 

Hin. round bars required same power. 
Output of mill, 46 tons per shift. 

Bars rin. to 2in. and rin. to 7in. diameter 
from billets sin. square require 38 and 4o 
units per ton. In this case the rin. to 7in. 
bars were much shorter than the rin. to 
2in. bars, and consequently the consumption 
appears high. 

Advantages.—As the torque exerted by 
the electric motor is maintained absolutely 
constant at a predetermined value and is quite 
independent of the momentary position of 
the motor, it is possible to run the mill at a 
considerably higher speed than formerly, and 
a better product with more uniform finish 
results. In one instance the speed of the 
mill has been twice increased, and this 
without any difficulty being met with in 
handling the material. In rolling at the 
increased speed it is found that though the 
speed is higher the rolls run more evenly, 
and the material coming away at a steady 
speed is quite easily caught and controlled 
when leaving the rolls. After a short time 
the men get accustomed to handle the 
product at the higher speed, and if on piece- 
work prefer it, as enabling them to earn 
more money in the shorter time. 

Due to this constant turning effort of a 
motor as compared with that exerted by a 
one or two-crank steam or gas engine, the 
electrically operated mills are very free from 
stalling. ‘This 15 largely due to the smooth 
running of the electric equipment ; but when 
a tendency to stall does occur the motor 
slows down, extra energy is obtained from 
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the flywheel and from the line, automati- 
cally tending to get the material through 
the rolls. 

The ability to run a mill at a higher speed, 
or at any rate to keep a more constant speed 
on the mill, allows a much greater output to 
be obtained from the mill during the same 
time as compared with the steam driven mill, 
as owing to the good speed-regulating char- 
acteristics of the motor the mill will make a 
greater number of revolutions during a shift 
than the corresponding steam-driven mill, 
consequently a bigger output is obtained for 
the same period. ‘The large overload 
capacity, which is an inherent feature of all 
electric motors, enables a widely fluctuating 
load to be dealt with, the speed variation 
under very extreme conditions being de- 
cidedly small ; this results in the mill running 
much smoother and more quietly. 

An increased output can also be looked 
for due to the convenient and rapid manner 
in which the mill can be controlled and 
handled. 

The efficiency of the electrically operated 
mill as estimated by the actual cost of rolling 
as compared with steam-driven mills is 
beyond dispute. In this connection it should 
be borne in mind that the actual decreased 
power costs in rolling are not due so much 
to the fact that it is an electric motor doing 
the work, but that the electric motor enables 
one to either purchase power at low rates 
from one of numerous supply companies who 
operate in all large industrial centres, thus 
shutting down the wasteful steam boilers and 
local electric. plant, or, in the case of a 
number of mills, to concentrate the power 
plant at one spot, generate in bulk at the 
lowest possible cost, and distribute the 
power to the exact points required, with an 
economy unapproachable by any other 
system. In these advanced days most works 
have a large electrical plant installed, exten- 
sions to which do not involve a very large 
capital expenditure ; but in those cases where 
no plant exists or where the plant is small 
and incapable of economical extension, there 
is no question that the cheapest method 
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is to take power from the outside source. 

A very important advantage which follows 
on the introduction of electricity 15 the 
possibility of arriving at very exact figures 
(not approximations) of the actual power 
consumed under any conditions. ‘This 
information being obtained for each section 
rolled, enables a very close price for rolling 
to be determined, which in these days of 
extraordinarily keen competition is most 
desirable. From such figures also, by careful 
inspection, it is possible to tell at a glance 
whether the mill is in good working order, or 
by making alterations and taking readings, to 
see whether the best possible method of 
handling the material and obtaining the 
desired result is being followed. 

The extreme simplicity of the control and 
the ease with which it is possible to make 
electrical apparatus practically fool-proof, 
reduces the labour costs considerably, and 
this, coupled with the impossibility of an 
electrically driven. mill racing, render less 
frequent the stoppages for broken couplings, 
pinions, and rolls. 

Such troubles are inseparable from a steam- 
driven mill, and are a constant source of 
annoyance and a big loss, not only due to in- 
creased upkeep but to time lost by the mill 
having to stand whilst the repairs are carried 
out. The provision of simple and certain 
protective devices is easily arranged for which 
in emergency can be relied upon to operate 
with certainty. 

A very material saving in floor space is 
certain where a mill is converted to electricity, 
and this is a great advantage as it enables 
the space around the mill to be used for the 
more rapid handling of the material required 
to feed the mill, and for the disposal of the 
finished product. Very often the motor can 
with advantage be installed below the floor 
level, the only gear on the shop floor being 
the comparatively insignificant control gear. 

An electrically operated mill has in any 
case less stand-by losses, and in the case of 
the motor fed from a supply company's main, 
none at all. Іп comparing the cost of roll- 
ing under the two systems (steam and elec- 
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tricity) this point is important, as in one case 
the losses are very serious and add largely to 
the total cost of rolling a certain output. 

Where a motor is employed for driving 
a mil a great advantage accrues through 
being able to start up immediately, and a 
further reduction in cost of rolling 1s 
obtained through less labour being required 
to handle the same material. A motor 
requires only intermittent attention, and 
with emergency devices for stopping it is 
not necessary to have an attendant standing 
by continually. 

Finally on the question of capital cost, 
speaking generally the actual electrical 
equipment of a rolling mill is at the worst 
only equal to, and in the majority of cases 
considerably cheaper than the corresponding 
steam equipment. If, however, electrifica- 
tion involves either the putting down of a 
generating plant or the extension of an 
existing plant, then there is no question that 
the electrification of the mill will entail the 
expenditure of a larger sum of money than 
that involved by putting down a new steam 
plant, and in such cases one must look in 
other directions to justify the conversion. 
Usually in any works having a rolling mill 
there are a great number of auxiliaries on 
which the existing drive can, with consider- 
able economy, be replaced by one intro- 
ducing the use of a motor, and it is the 
extra and more even load due to these 
motors that will justify the installing of a 
generating plant of capacity sufficient to 


carry the load on the mill and in addition 
that due to the auxiliaries. It would be 
impossible to run a plant feeding one mill 
only, and generate with economy, unless 
some other load less variable is also to be 
obtained, and consequently in such a case it 
is necessary to consider the broader scheme 
if any benefit from the electrification is 
desired. In the case of the works where a 
plant is already installed, and a comparatively 
cheap extension is all that is necessary, the 
problem is much simpler, and there is no 
difficulty in making out an excellent case for 
the electrification. 

Supply companies in many areas provide 
a ready source of power for such works as 
have not or cannot justify the installation of 
their own plant, and offer a convenient and 
easy means to the electrification of the mill. 
Many mills are already in operation under 
such conditions, especially in Glasgow, 
Birmingham, and the North-East Coast 
districts, and have proved to be entirely 
reliable, operating at a much lower cost than 
under their old conditions. In one instance 
with power at o.85d. per kw.-hour, a saving 
of over £3,000 was made on one year's 
working, more than paying for the cost of 
the equipment. The crux of the whole 
question of roiling electrically is whether 
or not a reasonably cheap source of power is 
obtainable either from a private generating 
station or from an outside source, aud, this 
obtained, electrical rolling will be found to 
be considerably cheaper than steam. 
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T will thus be observed in connection 
with the “Paragon” system that at 
starting up the periodicity applied to 

the motor is comparatively low as against 
what it is when the motor is running at top 
speed; consequently the starting torque 
is very high, and starting resistances and 
other wasteful pieces of apparatus are 
conspicuous by their absence. "The whole 
apparatus is alive and doing useful work. 
It is well known that the polyphase squirrel- 
cage induction motor will considerably 
increase its torque, together with the lower- 
ing of the speed, which is obtained in the 
above system, by increasing the ratio of 
the number of poles of the motors to that 
of the generator. The author has been very 
successful in the practical application of 
this principle by the use of the three- 
phase induction motor for operating road 
vehicles (motor omnibuses) in which the 
generator is driven by a petrol engine at 
constant speed, driving a four-pole alternator, 
and which in turn drives an induction motor 
having its stator wound with six poles and 
sixteen poles respectively. То illustrate 
what is meant when it is claimed that the 
starting torque of a given induction motor 
is increased when it is supplied with current 
that 1s lower in frequency at starting than 
that with which it is supplied when the motor 
is running at its normal top speed: the 
machinery on the above vehicle is set to work, 
and if the current is turned on to the six-pole 
winding (with the vehicle standing) there is 
very little if any appreciable starting torque, 
although a very large amount of current is 
circulating in the windings of both the 
alternator and the motor ; but by changing 
the connections so that the current is 


sent into the sixteen-pole windings (4 to 1 
ratio), not only is the current immediately 
considerably reduced, but the starting torque 
is enormous. For example, the author has 
had one of his vehicles, which weighed no 
less than  17,780lb. total weight, and 
required a tractive force of about 8olb. per ton 
on the level, taken on a grade of 1 in 10 on 
ordinary macadamised road. The vehicle, 
having been stopped, was started from rest 
by applying the current, and travelled 
up the gradient against the standing fric- 
tion and weight as easily as could be de- 
sired. This is mentioned to dispose of 
the popular but misleading opinion that the 
induction motor is not suitable for marine 
work on account of its very low starting 
torque, which statement is perfectly true if 
the current be turned on to a standing motor 
at a periodicity equal to that at which it runs 
at top speed ; but reduce the periodicity 
in some way at starting, and the torque will 
be very considerably increased, and to a much 
higher value, than will be required for any 
application for main marine propulsion or 
railway traction. ‘This opinion is based on 
practical research work and practice. 

A further example may be taken by the 
published figures of Dr. Behn-Eshenburg 
which appeared in the “Schweizerischen 
Bauzeitung," in connection with a description 
of a very interesting variable-speed, squirrel. 
cage, induction motor, which has been made 
by a large firm on the Continent. The 
dimensions of this motor do not exceed those 
of an ordinary motor without pole change, 
and it is of a type in which the speed 
may be changed simply by changing the 
connections in the stator. 

The particulars given are as follows : — 
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THE LOow-PRESSUKRE TURBINES OF 


Fic. 27. ONE OF 
THE « MAURETANIA." NOTE THE LARGE SIZE. IF 
ELECTRICAL TRANSMISSION WERE USED THE TURBINES 
SAME 


WOULD BE CONSIDERABLY SMALLER FOR THE 
POWER PRODUCED. 

Diameter of rotor D 240mm. 
Width of rotor, axially 180mm. 
Weight . 220 kilos. 
Normal power $b.h.p. 
Number of poles аг- 

ranged for 2% РЕ 12 8 6 4 
Voltage  .. - Pi 190 190 190 190 
Revolutions withnoload | 500 759 1000 1500 
Normal power .. - 3.5 4 7 5 
Normaltorque .. ES 5.5 isi 7 8 
Maximum torque " 9.5 6.2 18 12 
Efficiency for full load 72% 93% 85% 86% 
Efficiency for half load 70% 72 82% 867; 
Power factor, full load o7 0.82 085 092 
Power factor, half load 050 0.65 070 09 83 
Slip, full load .. - 10% 7 57 4% 
No-load current.. 5% II 9 8.5 6 
Starting current.. a 50 50 130 135 
Starting torque .. а 5.5 3.5 6 6 
Rise in temperature 

after 3 hours' run 50° C. 50° C. 40 40 s 


The motor as above designed will start 
against full load with the maximum number 
of poles switched in ; the reason for this 
is because only one-third of the number 
of revolutions of the rotating field, 7.e., only 
one-third of the electro-motive forces in the 
armature winding, are required and exist, 
than with the shorter pole pitch span when 
the twelve poles are in circuit. 

The starting against full load is done by 
simply switching in first the 12, then 8, 
then 6, and finally the 4-pole windings. No 
starting resistance 1s required, and the motor 
has very high starting efficiency, with high 
acceleration between the above operations. 
There is no doubt that a motor of this 
description will find many applications in 


320 


places where the periodicity of the supply 
current cannot be varied to suit the starting 
of the motor, but in the “ Paragon ” system 
the periodicity may be varied at starting and 
also at the reversing period. 

As regards the reversing period, it is just as 
well to refer to what actually takes place on 
an ordinary steamship driven by reciprocating 
engines. Assumingthat theorder is rung down 
from the bridge for an immediate reverse on 
the propellers, the engineer immediately shuts 
off steam (if he happens to be about); he 
then pulls over his reversing link motion 
gear, and admits steam. The engine does 
not immediately reverse—the steam simply 
forms a steam brake in the cylinders to the 
propeller, which is still revolving in the ahead 
direction, being drawn through the water in 
the ahead direction by the way on the 
vessel in the ahead direction, and the torque 
in the ahead direction becomes positive ; that 
is to say, the propeller instead of receiving 
power from the engine is delivering power 
against it—that is, at the top of the power 
curve according to the high vessel speed— but 
as soon as the vessel reduces its speed by 
the resistance of the standing propeller and 
the resistance to speed of the hull through 
the water as per the previously mentioned 
reasons, when the torque produced in 
the ahead direction by the propeller falls 
below that of the engine in the reverse 
direction, the former is overcome and the 


A PARADE OF MOTOR CARS ON AN INSPECTION 
MaiN TURBINES 
MADE (SHOWN IN THE 


Fic. 28. 
VISIT ROUND THE WORKS WHERE THE 
OF THE '' MAURETANIA" WERE 

BACKGROUND). 
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propeller immediately starts to reverse, in- 
creasing in reverse speed as the vessel speed 
comes down, to a point when the vessel 
stops, and then the vessel reverse speed 
direction takes place, and acceleration in the 
reverse vessel speed attained. 

We will now just look into what will take 
place in the vessel that is fitted with the 
" Paragon" system of electrical driving 
Assuming the vessel is proceeding at full 
vessel speed, and the navigating officer wishes 
for some reason to bring about an immediate 
reverse in the vessel speed direction, he 
breaks the excitation circuit of the alternator, 
and the whole system is in an immediate no- 
voltage condition. The propellers, however, 
still turn in the ahead direction, and the rotors 
will also be turning in the ahead direction, 
being driven by the propellers mechanically 
as above. Now he immediately (while the 
system is under the no-voltage condition) 
connects the motor stators with the low 
periodicity terminals of the generator, but 
into reverse direction for the flux in the stators 
of the motors, and then by again closing the 
excitation current on to the generator, the 
three-phase current revolves in the counter 
direction to that of the rotors. The latter 
therefore become asynchronous generators, 
being driven in the reverse direction by 
the propellers, and iminediately become 


SHAFT TUNNEL OF ONE OF THE FOUR SHAFTS 
À CONSIDERABLE SPACE IN 
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OF THE “ MAURETANIA." 

THIS MOST IMPORTANT PART OF THE VESSFL WOULD 

BE SAVED IF ELECTRICAL POWER TRANSMISSION WERE 
USED. 
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THESE ARE FUNNELS, NOT TUNNELS. 


FIG. 30. 


very powerful brakes to the propellers, that 
condition remaining until the vessel drops 
in speed in the ahead direction, when the 
high-starting torque produced by the low 
periodicity current in the stator in the 
reverse direction will revolve the rotors in 
the astern direction similar in action to the 
steam engine as above described, the electric 
operation taking less time than in the case 
of the steam engine, especially if the steam 
engine happens to be of a multi-cylinder 
type. Whereas the starting torque is limited 
in some cases to that which is produced by 
the action of the steam pressure on say the 
high-pressure cylinder piston, the reverse 
torque being on the outside periphery of the 
rotors of the motors, the stresses and strains 
of reversing will not be felt on the machinery 
to such an extent as with the reversing 
of crank-shaft steam engines. The current 
generated in the windings of the stator and 
circulating in the circuits between the 
generator cannot accelerate in periodicity as 
the vessel speed is falling all the time, and 
it is on for such a short period that the 
heating effect of such current may be 
negligible. 

With the possibility of control from the 
bridge, not only will time be saved, but 
greater certainty of operation may be attained 
owing to the absence of the transmission 
and reading of signals, «сс. 

Having now referred to the possibilities 
of the application of the high-speed steam 
turbine for main marine propulsion in 
conjunction, with the ** Paragon” or ther 
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ONE OF THE TWO MAIN CONDENSERS USED 
OWING TO THE LESS AMOUNT 


REQUIRED IN THE ELECTRICAL POWER 


Fic. 31. 

ON THE ' MAURETANIA." 

OF STEAM 

TRANSMISSION FOR MAIN MARINE PROPULSION, SUCH 

ITEMS WOULD BE CONSIDERABLY REDUCED IN SIZE AND 
ALSO IN COST AND WRIGHT. 


electrical systems, in which it may be 
observed that the use of high superheated 
steam becomes possible owing to the small 
diameter of the turbines, which factor is not 
effected to the extent that the existing large- 
diameter, slow-speed, direct-coupled turbines 
would be, it will be seen very readily that the 
application of electrical power transmission 
and speed regulation offers tremendous 
advantages commercially and otherwise by 
its utilisation on steam vessels as above 
indicated. 

There is, however, another large field of 
utility for the application of electrical power 
transmission which is very rapidly coming 
to the fore, Ze, the application of internal- 
combustion engines for marine propulsion, 
which is a subject forcing the attention 
of not only internal.combustion engine 
designers, but also the naval architect and 
the marine engineer. 

Саз апа oil such 


engines offer 
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tremendous advantages over steam engines 
and turbines that a reference to some of 
them will not be out of place before 
describing the reasons why, in the author's 
opinion, they have not been more generally 
applied in large powers for this important 
purpose. 

Some of the great advantages that are 
embodied in the proposition of the utilisation 
of the internal-combustion engine at sea 
are as follows :— 

1. ‘the thermo-mechanical efficiency is 
higher per lb. of coal or other fuel burnt, 
meaning that the number of horse-power 
hours per ton of fuel carried 15 higher, as, for 
instance, the radius of travel of the vessel is 
increased at the same vessel speed by about 
40 per cent. 

2. The weight of the machinery per horse- 
power developed is lower, as, for instance, 
the weight of the machinery of a steam 
vessel with water-tube boilers can be put 
down at about 10.1 indicated h.p. per ton 
(including water in the boilers), while the 
total weight per indicated h.p. in a suction 
gas-engined vessel may be put down at 
14.48, or is equal to an increase in h.p. 
per ton of dead weight of about 43 per cent. 
as compared with the above steamship 
machinery weight (including water in jackets 
and piping, but not coal in producers) ; 
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whilst with the internal-combustion engine 
using oil direct instead of coal in producers, 
the indicated h.p. is equal to 21.33 per ton 
of weight, and is a saving of no less than 
47 per cent. on the gas-engined ship. (The 
above figures are the comparisons of a 
16,оооһ.р. ship.) 

3. The absence of funnels and other 
equipment in internal combustion engined 
vessels reduces the resistance by wind and 
other causes, and the vessel can under those 
circumstances maintain better stability, &c., 
whilst in the case of ships of war the non- 
existence of these top impedimenta is a self- 
evident advantage. 

4. In the case of the gas ship the coal- 
bunker space occupied by the fuel is less, 
and the time for coaling, &c., is materially 
reduced ; and in the case of the oil vessel 
the fuel can be handled by pumps, &c., and 
not by hand, which is an enormous advantage 
in many directions, and, above all, takes less 
time, is quite silent in working, and can be 
packed in closer space. 

5. The internal-combustion engine 15 
always ready to start, and the working costs 
approximately start and stop with the running 
of the engine. 

There are many reasons why very close 
attention should be given to the possibilities 
of the internal-combustion engine in this 
sphere of action, and no doubt the near 
future will witness some startling change in 
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this direction. Increasing popularity of this 
very efficient prime-mover for marine work is 
inevitable especially for use with vessels of 
moderate power. It is, however, of more 
than passing interest to consider why the 
internal-combustion engine has not up to 
quite recently become more attractive as a 
sound proposition for main marine propul- 
sion, and a few of the disadvantages that 
exist with most internal-combustion engines 
may be briefly put as follows :— 

1. The thermal efficiency falls rapidly at 
lower revolution speeds than represented 
when on full load (see Fig. 37). 

2. There are conditions to be met with in 
reversing a propeller that thethermal-dynamic 
principles of the internal-combustion engine 
are not suited for (especially in the four-cycle 
type), for reasons that have been described 
previously in this article in connection 
with the working of steam engines when 
reversing, &c. 

3. The internal-combustion engine 15 
better adjusted for always running in one 
direction, as the most efficient point of 
ignition is variable according to the speed at 
which the engine may be running at all 
times. This is especially the case with 
marine multi-cylinder engines: If the times 
of ignition are not in synchronism, that is to 
say, if the exact time of ignition is not the 
same at each cylinder, the exact moment of 
ignition being later or earlier in some of the 
cylinders, the result of this non-synchronism 
is noticeable in the fact that not so much 
actual work is got out of a given amount of 
fuel, and also the engine will not run so well 
under those conditions, the explosions being 
unequal in each cylinder as regards pressure. 
The effect of this is that an engine in this 
condition will run out of balance (although 
it may be immediately stopped and tested for 
mechanical balance and found correct, yet it 
will run out of balance as soon as put on to 
work again, as the out-of-balance is caused 
by the unequal explosions that are taking 
place when under work). Now if the same 
engine be arranged to run in one direction 
only, and the time of ignition adjusted so 
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that it is always in synchronism, and the 
engine run at one speed, then not only will 
it run more steadily but the fuel consumption 
will be found to be lower for a given amount 
of work done. Further, the explosion taking 
place at the early part of the stroke, the 
expansion is much more efficient, and the 
consequent exhaust gases pass to the exhaust 
box at lower pressure and temperature, 
resulting in quiet operation and better 
utilisation of the heat from the fuel. It will 
be found in practice that the wear and tear, 
under the above correct conditions, on the 
exhaust valve gear, &c., will be almost 
conspicuous by absence, a point that is not 
of little importance when considering 
the application of internal - combustion 
engines for main marine propulsion, where 
continuous runs lasting sometimes for weeks 
at a stretch are normally taking place. 
Theoretically the proper time for igniting 
the charge is at the end of the compression 
stroke, when the compression is at the 
highest, for this would mean the best 
mechanical result. But “igniting” and 
* exploding " are not the same thing, because 
when the ignition occurs (on a high-speed 
engine) its effect is only felt in the immediate 
neighbourhood of the ignition. Тһе flame 
then spreads as an explosion wave through 
the rest of the mixture. This spreading takes 
time, and although the time is short it must 
be remembered that the piston speed 1s 
high, there is a brief interval between the 
ignition and the full force of the explosion 
(and this varies according to the intensity 
of the ignition and the piston speed in 
all explosion types of internal-combustion 
engines). Therefore it is quite certain that 
to get the full effect of the compressed 
mixture, the ignition must take place slightly 
before the end of the compression stroke. 
So much for the important (as regards 
economical fuel consumption) matter of 
ignition. 

Under similar conditions the valve-gear, 
both admission and exhaust, must be adjust- 
able, and in some high-speed internal-com- 
bustion engines, in order to get the highest 
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thermal mechanical efficiency out of them, 
the valves are set as follows: the admission 
valve is set to open /аѓе by about 3deg. or 
4deg., and to close about ісдер. to r2deg. 
/ate ; on the other hand the exhaust valve is 
set to open about 2odeg. to 3odeg. early, 
and to close about 3deg. to 4deg. dare, 
according to the speed at which the engine 
is designed to run when working at full load 
when the highest efficiency is naturally 
required. 

Further, it may have been observed by the 
reader that it will be a very difficult matter 
to make a satisfactory (from both mechanical 
and thermal efficiency points of view) re- 
versing marine gas or other internal-combus- 
tion engine, and it has even been proved by 
the most accurate and scientific research 
work and experiment that in order to get 
the very best results out of the internal- 
combustion engine, it must always run in 
the same direction and at constant speed 
and have its cylinders offset from the centre 
line of the crank-shaft, z.e., so that when the 
end of the compression stroke is reached, 
the centre of the cylinder is in advance of 
the centre line of the crank-shaft. ‘The result 
is that when the explosion occurs the crank- 
pin is past the dead centre of the crank-shaft, 
and the very large angular static pressure 
that would exist between the piston and the 
sides of the cylinder walls is very greatly 
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reduced. All firstclass-design internal- 
combustion engines are built on the lines 
indicated with the object of reducing shock 
and vibration by thus giving a direct thrust 
on the moving crank on its downward stroke. 
This is a most successful item in design, and 
it is also obvious that the embodiment of 
this very necessary principle precludes the 
design of a reversing marine  internal- 
combustion engine on these lines, due to the 
complication that would exist in such a 
method of adjustment to get the maximum 
of all-round efficiency, which economy is 
absolutely necessary, and is most desirable 
in successful marine engineering. Simplicity 
must be considered and also low cost of 
manufacture, together with reliable and safe 
working at sea. 

There are several other methods of 
reversing the marine internal-combustion 
engine, but the author believes that he has 
pointed out sufficient to enable the reader 
to grasp the meaning of this rather lengthy 
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description; and it is this—that it is not 
possible to make a satisfactory reversing 
marine internal-combustion engine, and that 
it is very evident that other and much 
more efficient methods must be used, 
before the marine internal-combustion engine 
can be accepted as a sound commercial 
proposition. 

It is therefore evident that reversing, 
changing the propeller speed, and all the 
other operating conditions, must be obtained | 
by some other method, and it is of the 
greatest interest to note the highly important . 
position that the electrical transmission of 
power for the above purposes holds. 

It has been suggested at various times 
that such desirable things might be brought 
about by the use of change-speed mechanical 
gear, and this has been tried with some 
success on small power boats, with petrol 
and other engines; but when it comes to 
dealing with large powers the proposition of 
mechanical gears is out of the question, not 
only owing to the fact that the noise and 
the rattle and the wear and tear of teeth, 
&c. would be prohibitive, but also to the 
fact that in order to always keep the prime 
mover running at one constant speed, some 
kind of change-speed gear would have to be 
provided for slowing and reversing the pro- 
peller. Not only would such gear be out 
of place, but the apparatus would also 
necessitate some sort of slipping clutch in 
order to allow the gentle application of the 
power of the prime mover to the propeller, 
especially on reversing. 

In order to meet the above requirements 
various other suggestions have been made, 
introducing several mediums, such as com- 
pressed air and hydraulic power trans- 
mission. Although compressed air has 
been extensively used in small powers, it 
involves apparatus of such large dimensions 
that it would require the space of ordinary 
marine reciprocating engines to utilise the 
energy for driving the slow-speed propellers, 
and for that reason alone could not be 
considered as a practical solution ; further- 
more, it would entail considerable losses 
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in many directions from a thermal and 
mechanical point of view owing to the high 
compression that would be necessary in such 
an application. Hydraulic gear would be 
a very interesting proposition, but it is 
questionable if reasonable mechanical trans- 
mission efficiency could be secured and 
vibration avoided. Owing to sliding parts, 
Xc., wear and tear would in very large 
powers become very pronounced, and, fur- 
thermore, either of the two above-mentioned 
systems of power transmission. would not 
. secure the utmost propulsive efficiency for a 
given amount of steam power, especially in 
rough weather, as illustrated on page 182, 
Fig. 22 (ELECTRICAL MAGAZINE, April), 
which shows a vessel under rolling condi- 
tions, and in which state the propulsive 
efficiency is bound to fall, owing to the 
unequal depth of immersion of the propellers, 
in, sav, a twin-screw boat. 

The author witnessed some very interesting 
tests in this respect recently, and on a vessel 
which was fitted with ordinary reciprocating 
engines, which were designed to normally run 
at a speed of roor.p.m. on even keel, the 
vessel under the rough-weather conditions 
rolled to an extent of about rodeg. to 12deg. 
fron the vertical, and the engines cor- 
respondingly ran as follows: the more 
deeply immersed propeller engine slowed 
to about Зог.р.т., whilst the engine driving 
the lightly immersed propeller rose in speed 
to about 13or.p.m. Both engines, therefore, 
wasted steam for the following reasons: the 
one that was driving the lightly 1mmersed 
propeller used steam to accelerate in speed 
its heavy reciprocating parts, and the other 
engine took a full steam stroke instead of an 
expansive one. The propulsive efficiency of 
the propellers fell for these reasons: the 
lightly immersed one, through the increased 
speed, and owing to the fact that cavitation 
sets in; whereas in the case of the deep 
propeller, owing to the pitch of same being 


constant, and the revolutions having fallen, 
the volume of water displaced is less, and 
consequently the total effective thrust on the 
ship is materially reduced. The distance 
travelled by the vessel per ton of coal 
burnt must be therefore reduced under 
the above conditions. If the steam 
pressure could automatically be increased 
in the cylinders of the deeply immersed 
propeller enginc, and likewise decreased in 
the cylinders of the lightly immersed 
propeller engine, the overall propulsive 
efficiency of the steam used would remain 
practically constant because the speed of 
each engine would have remained practically 
constant under the varying load conditions. 

Now it is interesting to note what 
would take place under similar rolling 
conditions on the vessel that would have its 
propellers driven by polyphase alternating- 
current induction motors, supplied from 
turbo or gas-driven alternators, the speed of 
which remains constant. Тһе lightly 
immersed propeller cannot race, but takes less 
current from the generating plant ; whilst the 
deeply immersed propeller does not slow, 
but takes the current from the generating 
plant that the lightly immersed propeller 
motor does not require. In fact the current 
is constantly surging to and fro between the 
motors as the load on each momentarily 
varies. The consequent load on the genera- 
ting plant remains practically constant, 
utilising the steam to the maximum advan- 
tage and improving the propulsive efficiency 
per ton of fuel burnt. ‘The above is not the 
least important effect of the application of 
electrical power transmission with  poly- 
phase alternating current with induction 
motors for propeller shaft driving, and it is 
very doubtful if such efficiency could possibly 
be obtained by any other method. 


WILLIAM P. DURTNALL, 
M.I. Mar. E., M.I. Auto.E. 
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PARIS is rapidly coming 
into the lead іп the 
matter of electric subway 
systems, and within a few years, when the 
present programme is carried out, it will 
possess no less than sixty miles of subway, 
covering all parts of the city, so that it 
will have much the best rapid - transit 
facilities of any of the largest cities of 
the Continent. We wish to refer here to 
some of the new construction work, which 
presents considerable interest. It will be 
remembered that in Paris there are several 
methods used for the metropolitan lines. An 
underground tunnel for double-track trains 
on the third-rail system 15 the prevailing 
type, and in some sections there is used an 
elevated construction mounted upon iron 
columns. ‘Two iron bridges were built 
specially for the elevated sections, and in 
another case an existing stone bridge was 
modified for the purpose. In some sections 
the line changes frequently from subway 
tunnel to elevated line. 

There are three lines building at present 
which are obliged to cross the Seine in 
tunnel, seeing that bridges were not allowed. 
Two of these lines use a tunnel in the Seine 
bed which is laid from the surface by means 
of metallic caissons. This tunnel accommo- 
dates the double track, and 1s somewhat ellip- 
tical in section ; under the river it takes the 
form of an iron tube built up of curved pieces 
or voussoirs. A certain length of tube is thus 
built into a metallic caisson, and the whole 
is sunk in the bed of the Seine. One of 
the largest pieces of caisson work yet carried 
out in Europe was the sinking of the stations 
in the City Island. between the above-men- 
tioned tubes and another at the St. Michel 
Place on the south bank. The latter station 
is made up of three separate caissons, the 
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middle one containing the station platforms 
and having an elliptical section, while at 
each end there is a large structure in the 
form of an elliptical well sunk in the ground. 
'These are used for the approaches, and con- 
tain the staircases and ticket offices. ‘These 
three caissons form an immense mass con- 
taining 12,000 tons of iron and cement, 
and make a station of nearly 4ooft. length. 
All has now been sunk to the same level as 
the Seine tunnels. Counting the whole 
work in the Seine section there is a 0.65 
mile length. 

Another piece of work of a different 
character is the double-tube tunnel further 
down the Seine, known as the Berlier tube, 
and it serves for a different subway line. Two 
tubes, each having asingle track, are used here. 
Starting from an underground station on the 
bank of the Seine, the two tubes of 16ft. 
diameter proceed in a nearly parallel direc- 
tion, running under the Seine and coming 
together in a second underground station, 
the tube portion covering 13ooft. length, 
The tube is run under the Seine by means 
of the compressed-air shield system. Тһе 
underground station at the start of the 
tunnel contains over 1000h.p. in electric 
motor-driven air compressors for carrying 
out the work in the tubes. 
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THE prelimininary trials 
of the L.B. & S.C. Rail- 
way Company’s suburban 
electric train service have been carricd out 
with complete success, but only the section 
from Victoria to Peckham Rye is complete. 
Regular running will shortly begin on this 
section, but the remaining stretch from 
Peckham to London Bridge will not be 
completed for another two or three months. 
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When the service is complete at least eleven 
minutes will be saved between the two 
termini, and a more frequent service will be 
available. Тһе “ Electrical Review," in 
giving some particulars, states that the current 
per train will only be between rooamp. 
and 1goamp. at the line voltage (6700 
volts), and the circuit breaker need in no 
case be set at much above 5ooamp. to 
бооатр. Assuming that it is set at Gooamp. 
there may be a momentary expenditure of 
about 40ook.v.a. before the breaker comes 
out, and supposing the current-phase dis- 
placement to be 45deg. or thereabouts the 
actual energy momentarily expended at the 
generating station will be about 5oookw. 
This is a formidable figure and draws 
attention to the heavy stresses which 
generators and transformers alike have to 
withstand. On the Hamburg-Blankenese 
Railway, which has recently completed its 
first year’s working, it was found necessary 
for this reason to re-secure the coils in both 
generators and transformers. 

On short distance lines with frequent 
service and many stops, not only is there a 
reduction in the coal bill possible by electri- 
fication, but the repair and maintenance of 
locomotives costs less, and the repairs can 
be done so much more quickly that it is 
unnecessary to provide as many electric loco- 
motives as is the case if steam-driven engines 
аге used. It is estimated that on a main-line 
railway 36 per cent. fewer locomotives would 
be required by adopting electric traction. 
On the other hand, Mr. Philip Dawson 
points out in an article in the “ Electrical 
Review,” that the long-distance non-stoptrains 
in this country will always be more cheaply 
driven by steam. In countries where there 
is plenty of water power available for 
generating purposes the case is different. 
Thus the Swiss Government have just 
decided to commence the work of electrifying 
the main line section, Spiez-Frutigen, with 
the ultimate intention. of converting the 
whole of their railways. Very extensive 
works of a like nature are contemplated in 
South Germany. ‘There is general agreement 
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among experts that single-phase high-tension 
overhead transmission, with low periodicity, 
is best for this class of work. ‘The Spiez- 
Frutigen section will be worked with 15,000 
volts at only fifteen periods, or nearly two 
and a half times the pressure of the Brighton 
system. There will be motor carriages for 
passenger trains and locomotives for goods 
trafic. Тһе former will at first be fitted 
with two and ultimately with four 22oh.p. 
motors. "This heavy equipment 1s required 
to meet a gradient of r in 37 on the 
Lotschberg section, which will be added 
later. The complete motor carriage will 
weigh 55 tons and will draw a total train 
weight of 160 tons (including its own weight) 
up a gradient of т in 37 at a speed of 
28m.p.h. Two different locomotives have 
been ordered ; these will run on two pivoted 
three-axle bogies. One of these locomotives 
will have а 1oooh.p. motor on each bogie 
and the drive will be transmitted through 
gear wheels and cranks to all three axles; 
it will be the most powerful single-phase 
engine yet built, and will weigh 86 tons, the 
whole of the weight being available for 
adhesion. ‘This engine will draw a train 
weighing 310 tons up a gradient of 1 in 37 
at 26m.p.h. The other locomotive will be 
of a slightly less powerful type and will only 
have one driving axle on each bogie. The 
two types have been ordered with a view 
to determining which is most suitable for 
main line work in Switzerland. Тһе 
maximum speed required will be about 
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AN improved type of 
electric furnace due to 
Heilberger is described 
in the “Zeitschrift fur Electro-Chemie." 
This is an induction furnace with double 
transformation. ‘The first transformer has 
an ordinary rectangular соге ; on one limb 
is wound the primary, consisting of well- 
insulated copper wire which carries the high- 
tension current ; on the other limb is placed 
the secondary, consisting of a few turns of 
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stout copper tube of the requisite section. 
This tubular conductor is carried on to form 
the primary coil on the core of the second 
transformer, the secondary of which is a 
single turn formed by the trough of metal 
which is to be heated. Cooling water is 
circulated through the two tubular windings, 
which are airinsulated. The core of the 
second transformer is a deep ring of rect- 
angular cross-section, and it is carried on 
rollers which are mechanically rotated, and 
slowly turn the core on its own axis. In 
this way every part of the core is in turn 
cooled by being passed through the water- 
cooled coil of the primary ; this enables the 
core, which is linked with the trough of 
molten metal, to be kept at a reasonable 
temperature. ‘The first transformer remains 
comparatively cool, so that the rapid deteri- 
oration of the insulation of the high-tension 
winding is prevented. 

Mr. Ferranti has designed a similar induc- 
tion furnace, but with single transformation. 
The core is a large ring of rectangular cross- 
section, with a diametral limb. The primary 
is a tubular water-cooled coil, and the 
secondary is formed by the ring trough of 
the furnace ; both coils are linked round the 
middle limb, and are embraced by the 
annular portion of the core. ‘This arrange- 
ment makes a very efficient magnetic circuit. 
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THE “Industrie Elec- 
trique " gives an account 
of a portable or flying 
substation recently built by Ganz & Co. for 
the Valtellina line in Italy. Тһе whole gear 
is contained in a closed iron wagon, which is 
internally divided into two unequal compart- 
ments by an iron partition. The operator 
is unable to obtain access to the larger 
section while it is under pressure. The 
apparatus comprises a r3ok.v.a. fan-cooled 
transformer, two 20,000-volt, three-pole oil 
switches—one with automatic trip gear, and 
one hand-operated ; two sets of three double- 
pole 3000-volt oil switches—one set auto- 
matic and one set worked by hand. A 
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Wurtz lightning arrester, with special choking 
coils, completes the high-tension outfit, 
except for the line connections fitted to the 
roof of the car and suitably insulated. The 
operator's cabin contains the handles for the 
non-automatic switches, instruments, pilot 
lamps and warning bells; both the latter 
indicate when a circuit has been opened auto- 
matically, and show which line is affected. 
There are three sets of 3000-volt switches, 
because when the car is stationed at Colico, 
there are the three lines to Chiavenna, to 
Sondrio, and to Lecco, requiring separate 
control. At the other stations only two sets 
are needed. ‘This substation is used to take 
the place of one of the others while they are 
under repair, or to boost up the line pressure 
at any point where the traffic may be 
exceptionally heavy. 
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À CORRESPONDENT in 
Lamp Germany sends us some 
Manufacture in ; ; 
Germany. interesting remarks anent 
the present trade con- 
ditions and business methods of “the 
illuminating industry " of that country. He 
refers to the attention which makers of 
incandescent mantles have been receiving, 
their affairs being discussed generally and 
not only in the concerned circles. This 
unusual interest was caused by the extra- 
ordinary rise in value of the shares of the 
largest firm in the trade, the Auer Company. 
In the old days when the value of these 
shares stood at about 1000, a wild transport 
of joy overcame the majority of the gas 
experts. Many competing companies were 
founded for the purpose of making mantles, 
but most of them did not succeed, and 
many became bankrupt. It is, therefore, 
improbable that the example of the Auer 
Company will induce an expert or capitalist 
to open a similar estabiishment. Times 
have changed in lighting practice, and it 
would seem indisputable that the present 
favourable situation. of this large German 
firm is nothing else but the result of a sound 
natural development. The laymen often 
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overlook that this enterprise is no longer 
confined to the incandescent gas mantle 
industry, and that they have been wise in 
time and extended their business to include 
an electric lamp department. — This latter 
department has now passed the experimental 
vears and works side by side with a gas 
department destined to give way more and 
more to the advance of the electrical side of 
the business. In the last year for instance 
the profit was about double that of 1907 in 
the electrical branch, and a dividend of 
35 per cent. could be distributed. 

It would appear, however, that the satis- 
factory condition of the Auer Company is 
exceptional. If one considers the general 
situation of the other German firms, one 
receives a very different impression. There 
was a general economical depression during 
the past year affecting practically all German 
industries, and that of lamp manufacture 
was not excepted. The success of one 
single firm, which in those unhappy times was 
fortunate enough to turn out a new article 
for which there was a great demand, does not 
alter the above fact. For the incandescent 
gas mantle industry proper during the year 
1908 was by no means a good one. The 
still existing stagnation is, according to our 
correspondent, to be explained by the un- 
certainty as regards the intended action of 
the Government which proposed a tax for any 
kind of lighting. Under such conditions a 
powerful development is not possible. This 
unsettled feeling is especially a burden for 
the inland market. While the manufacturer 
uses a certain caution when purchasing the 
necessary raw material, the wholesaler as 
buyer of the finished product will not enter 
into the customary yearly contracts where 
large sums are in question. More than ever 
before the demand will be filled from hand 
to mouth, or by small and frequent purchases 
instead of business deals closed for a long 
period. 

It is, perhaps, not generally known that 
the greater number of German lamp imanu- 
facturers and wholesalers founded a society 
about fifteen months ago to promote the 
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welfare of this industry. Already this 
association has made itself felt, for after 
protracted and somewhat exciting fights with 
certain syndicates, the society fixed standard 
prices according to the manufactured and 
sold quantities. They have thus furthered 
not only their own branch but also that 
of the glass industry for lighting purposes, 
the textile works for wick, and the smaller 
foundries, but particularly the retailers. The 
league has a great power, but they have not 
utilized it for keeping down the prices 
unwarrantably, and to obtain unusually 
favourable conditions. It is the duty of the 
members not to buy from outsiders. The 
society extends over the whole German 
Empire, and at present sixty-six of the largest 
lamp manufacturers have joined и. Every 
year there is one Congress, besides smaller 
mectings. 

Our correspondent goes on to say that 
every kind of union in business life is a 
source of power and makes for economy. 
Industrial and commercial development 
more or less calls for concentration in most 
fields of human activity. Where formerly 
was sharp competition now there is har- 
monious working together. Guided by such 
considerations, and by the good results 
attained in other industries, a number of 
German firms of electric specialities proposes 
towards the end of the present year to arrange 
collective exhibitions of their products at 
regular intervals on the world-famous “‘ Leip- 
ziger Messe.” As is done in many other 
branches, all novelties and improvements of 
electrical manufacture are to be demonstrated 
in a modern and practically constructed 
exhibition hall before the great international 
circle of buyers and other interested parties, 
who meet year after year twice in Leipzig, 
at Easter and in the autumn. The results 
of such a combination regarding time and 
place of demand and offer in electric 
products will be advantageous to the ex- 
hibitor as well as the buyer. For the latter, 
whether he is wholesaler or exporter, such 
an exhibition is an excellent medium of 
information about prices, demand, and the 
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direction of production, of personal contact 
and talk with the manufacturer, of correct 
choice and econonic filling of one's demand. 
The exhibitors again. will profit by the 
enormous number of the buying public who 
come from far beyond the German borders. 
Last year every Leipzig “ Messe,” or market, 
was attended by 1300 inland firms and 210 
foreigners, which number will now be in- 
creased owing to the above action of the 
electrical firms. Through the combination 
of the latter the exhibitors will save in time, 
rent, attendance, advertisements, posters, use 
of current, «с. Ву putting together all 
samples of the illuminating industry which 
before were scattered in different buildings 
over the whole market quarter in Leipzig, a 
rational utilization. of time for exhibitor 
and buyer is made possible, апа profitable 
business guaranteed. — This concentration 
permits a general propaganda on a large 
scale at home and abroad. 
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А NEW device has been 


i ioo SE brought out in Germany 
called the ** Elektro-Spar" 
Lamp. This consists of a somewhat 


enlarged lampholder containing a small 
transformer, which transformer steps down 
the usual supply pressure to a low voltage 
suitable for metallic-filament lamps with 
short thick filaments. ‘The arrangement is 
of course only suitable for an alternating- 
current supply. ‘The chief advantages 
are: (1) the lamp lasts longer and there is 
less breakage in transit owing to the short, 
thick filament; (2) low candle powers are 
available at high supply pressures ; (3) there 
is no light load loss on the transformer, 
because it forms part of the lamp and is there- 
fore switched off with it. The transformer, 


which is of the cylindrical core type, is very 
efficient, the following results having been 
obtained on test. 

On a 220-volt supply stepped down to 
7 volts an 18с.р. lamp takes 1.5amp. = о.б 
watts per c.p. Other figures obtained are 
8c.p. lamp 7 watts; 16c.p. lamp 12 watts; 
32c.p. lamp 24 watts. 

The enlargement of the lampholder makes 
very little difference in the appearance of 
the fittings, and the details of the lamp are 
so far advanced that the holders are about 
to be manufactured on a commercial scale. 
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A DEVICE has lately been 
introduced which will be 
found of service by the 
central-station engineer who has to do with 
high-pressure plant and networks. The high- 
tension detector is a handy instrument con- 
venient to bring into service at any time, and 
as such will commend itself. It gives an 
immediate indication of whether a conductor 
is “alive” or not, and consists essentially of an 
exhausted glass tube with an interior and an 
exterior electrode. The air has been rarefied 
to sucha degree that the tube lights up brightly 
at tensions of 1200 to 20,009 volts. The 
vacuum tube is enclosed in another glass 
tube, and the latter again in an ebonite tube 
with a slot, through which the light may be 
observed. At one end the tube is covered 
by a metal cap ending in a point, at the 
other by a metal socket, to which a long 
ebonite handle is attached. А flexible con- 
ductor is also connected to the socket. In 
order to determine if a conductor is charged 
with a high-tension current, the flexible wire 
is connected to the ground and the pointed 
cap brought in contact with the conductor. 


A High-tension 
Detector. 
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TE.$T.5 OF THE EFFICIENCY OF A 
WARMING PLANT. 


PD 


HILE plenty of information is avail- 

W able as to the rate of transmission 

of heat through radiators heated 
by hot water, there appears to be very little 
published concerning the efficiency of 
complete warming plants. This article 
deals with the results obtained on testing a 
complete plant, and it is believed that some 
of the quantities have never been previously 
determined. 

The plant was installed in the Nurses 
Home of the Hospital for Sick Children by 
Messrs. Burn Bros. under the direction of 
the consulting engineer, Mr. C. T. Walrond, 
A.M.I.C.E., and the author is indebted to 
his clients, Messrs. Burn Bros., for kindly 
allowing him to publish the results of the 
tests. 

The plant tested consisted of a heater, the 
copper coils of which were supplied with 
live steam. ‘The hot water was forced round 
the system by a duplex steam pump and the 
radiators were of the ordinary type. The 
plant had been in ordinary use for four 
months (February to May) before the tests, 
consequently the steam coils in the heater 
were incrusted with scale, which, at the end 
of the first trial, was found to be п. in 
thickness. 

Owing to the construction of the corridors 


which were warmed by the apparatus, and to 
the fact that the building was in constant 
use by the nurses, it was impossible to 
include all the radiators in the trial, but to 
compensate partly for this extra radiators to 
the extent of 88sq. ft. were placed in the 
dining room, which previously had only 
5454. ft. of radiator surface in it. These, 
together with the naked pipes connecting up 
the radiators, gave a total surface of 2364. ft. 

The dining room was 23ft. by 28ft. by 
1oft. high and was in the basement of the 
building, though its floor was on a level with 
the ground line at the back of the hospital. 
It was fitted with three ordinary sash 
windows, each being 3ft. 8in. wide by sft. 6in. 
high (net dimensions of glass). 

Its walls were brick, 27in. thick. One 
and a half of the longer walls, and the wall 
at the north end of the room, were external 
walls. Owing to the fact that in the first 
trial the heater was not working at its full 
capacity (for the reasons previously stated, 
and also on account of the atmospheric 
temperature), it is probable that the efficiency 
of the combined plant was lower than it is 
when all the radiators are in use. Another 
important fact to be borne in mind is that 
the dining room in which the radiators were 
placed was 294ft. from the boiler house and 
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heater. This undoubtedly militated against 
the efficiency of the system as a whole, 
though the туп. flow and return pipes were 
lagged with rin. of magnesium carbonate 
insulating material in * sectional" form. 

The exhaust steam from the circulating 
pump was not passed through the heater, 
and this quantity of steam has not been in- 
cluded in the thermal deductions, but has 
been included in the estimate of the cost of 
warming by a forced circulation of hot water. 

The heater and circulating pump were 
started at noon, whereas the first trial did not 
begin till 3.30 p.m., so that there was plentv 
of time for the pipes, radiators, and walls to 
get warmed up to a constant temperature. 


TRIAL No. 1. 


Duration of the trial ; 2.50 hours 
Mean temperature of flow water 

at the heater ... s. leh I. 
Mean temperature T3 return 

water at the heater 194.4° F. 

Difference 17.1 F. 

Mean temperature of the flow 

water at the dining room 206.0° F 
Mean temperature of the return 

water at the dining room 196.0° F 

Difference 10.0° F 

Mean temperature of the air 

surrounding the first 2ooft. 

run of the flow and return 

pipes from the heater to the 

dining room 86.9° F. 
Ditto ditto of the атар 

946. 66.1? F. 
Total quantity of water circu- 

lated through the heater 1 3, 560lb. 
Mean pressure above atmo- 

sphere of the steam supplied 

to the heater . 1 J. 3lb. sq. in. 
Total quantity ob seim passed 

through the heaters . 275.5lb. 
Ditto ditto used for the cir- 

culating pump 183.21. 


Total quantity of air pasted 
through the dining room  ... 
(Equalto 4.12 changes perhr.) 


66,201 c.ft. 
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Mean temperature of the air 
entering the room . ... ТЯ 
Ditto ditto leaving the room 


Difference 


Total quantity of heat given to 
the air... 


Ditto ditto 
in the room  ... 

Total quantity of айа де sur- 
face in the room 


Rate of transmission of heat 
per sq. ft. of radiating surface 

Rate of transmission of heat 
per sq. ft. of radiating surface 
per ` F. difference of tempera- 
ture between the radiator and 
the air inthe room 

Rate of transmission of heat 
per sq. ft. of surface of coil 
in the heater ... 

Ditto ditto рег” F. difference 
of temperature between the 
steam and the water ... ius 

Total heat given to the air + 
total heat discharged from 
the radiators ... «d 

Hence: Total heat radiated 
through walls and windows + 
total heat RN from 
the radiators .. 

Total heat КІР to the air of 
the room ~ total available heat 
of steam supplied to heater 


lost by the water 


Total heat radiated through 
walls and windows -- total 
avallable heat of steam 


supplied to heater ... 


334 


29.423 D. T.U. 
135,000D. T.U. 


23654. ft. 
230b.T.U. 
per hour 


1.92B. T.U. 
per hour 


.,07 5 B. T.U. 
per hour 


I51.9b. T.U. 
per hour 


= 38.7 % 


The sum of the last two quantities gives 


the :— 
Efficiency of the system 


2 


= 49.4% 


This is the same thing as :— 


Total quantity of heat dis- 
charged into the room by 
the radiators + total available 
heat of the steam E to 
the heater қ T 

Total heat delivered into ihe 
room + total heat sent out 
from the heater 


I! 


49.4 4 


58.6 2 
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Total heat lost in transit from 
the heater to the room ~ total 
heat sent out from heater ... = 
Efficiency of heater=total heat 
given to the water — total 
available heat of steam used = 8457 
Mean rate of loss of heat per 
sq. ft. of external surface of 
the non-conducting material 
on the t4in. flow and return 
pipes (each 294ft. long) per 
` F. difference of temperature 
between the hot water and 
the air surrounding the pipes 0.38B. T.U. 
per hour 
Velocity of the water in the flow 


and return pipes 2ft. per sec. 


In studying these results, perhaps the 
most striking 1s the smallness of the per- 
centage of the available heat of the steam 
supplied to the heater which appears in the 
air of the room—-namely, only 10.7 per cent. 

A careful search and numerous inquiries 
for corresponding particulars of other trials 
were made, but without result, except the 
value 28.9 per cent. This however was not 
obtained directly, but was deduced from 
some results obtained under somewhat 
similar condit ons by Prof. К. C. Carpenter 
in America. In his experiments, however, 
the radiators were not in the rooms, but 
these were supplied with hot air from a 
central heater chamber in the midst of the 
building, while in my trials the heater was 
294ft. away from the room. Hence, whereas 
only 61 per cent. of the heat discharged into 
the rooms was radiated into the walls in the 
case cited, 78.3 per cent. was so radiated in 
my case. The remaining 21.7 per cent. of 
the heat in the latter case, and the 39.0 per 
cent. in the former, passed away in the 
heated air discharged from the rooms. The 
difference in the 61 per cent. and the 78 per 
cent. is possibly accounted for by the fact 
that the radiators in the case of the Hospital 
for Sick Children were hotter than the hot air 
supplied in the other case, and hence the 
larger amount of radiation. 

The problem which was set by my clients 
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of comparing the actual forced circulation 
system with an imaginary gravity system to 
do the same work in the same building 
proved a difficult one, and too much reliance 
is not to be placed on the comparison. 

A gravity system would have needed qin. 
flow and return pipes and 25osq. ft. of 
radiating surface—that is 6 per cent. more 
than the forced circulation system required. 
The 588ft. run of gin. pipe would have had 
about 616sq. ft. of surface compared with 
the 231sq. ft. of the other system. The 
velocity of the water in the case of the forced 
circulation might very well have been 3ft. 
per second instead of the actual 2ft. per 
second. In this case the pipes might have 
been reduced from 14in. to 1]in , and then 
the wasteful radiating surface would have 
been 10254. ft. instead of the actual 
23154. ft. 

The loss by radiation from the flow and 
return. pipes between the heater and the 
dining room in the case of a gravity system 
was estimated at 69,255D. T.U. per hour, 
compared with the 38,450B.T.U. lost in the 
forced system. Hence the percentage loss 
calculated on the quantity of heat sent out 
from the heater would have been 56.1 per 
cent, or 14.6 per cent. more than in the 
case of the forced system. For the gravity 
system the hcater would have had to supply 
30,800 B. T.U. per hour more heat, #.e., 33 per 
cent. more, and therefore 33 per cent. more 
coal would have been necessary, while the 
probable efficiency of the gravity system 
would have been 37 per cent. compared 
with the 49.4 per cent. of the forced system. 


TRIAL No. II. 


This was of the heater alone, with the 
coils incrusted as the result of four months' 
use (Le, the incrustation was about hin. 
thick on the coils). 

The results were as follows :— 


Duration of the trial... .. 1.42 hours 
Total quantity of water passed 
through heater vis 5olb. 


Mean temperature of inlet water 65.8 F. 
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Mean temperature of outlet © 


water ... 

Mean pressure above atmo- 
spheric pressure of steam 
supplied to the heater 


Total quantity of steam passed 
through heater 

Mean temperature of 
densed steam 

Total quantity of heat given to 
water ... .. 


con- 


Total available heat of steam 
used 


Rate of transmission of feat 
per sg. ft. of coil surface in 
heater, per hour 

Ditto, per sq.ft. per F. di ferent 
of temperature between the 
steam and the water, per hour 

Efficiency of the heater=total 
heat given to water-total 
available heat of steam used — 


TRIAL No. III. 


This was also of the heater alone, but 
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Rate of transmission of heat 
135.5 Е. per sg. ft. of coil surface in 
heater, per hour . 16,860B.T.U. 
Ditto per sg. ft. ber ^ Е. dz, erence 
6.54lb. per of temperature between the 
sq. in. steam and water, per hour... 161.9B. T.U. 
Efficiency of the heater —total 
414.4lb. heat given to water--total 
available heat of steam used — 89 7 
211.7 F. 


. 401r,000B. T.U. 


. 463,000B.T.U. 


12,430B. T.U. 


102.8B. T.U. 


80.57 


after the coils had been cleaned. 
'The results were as follows :— 


Duration of the trial 


Total quantity of water passed 


through the heater ... Кр 
Mean temperature of inlet water 
Mean temperature of outlet 
water ... 
Mean pressure. ABOV: atmo- 
spheric pressure of steam 
supplied to the heater 


Total quantity of steam passed 
through heater 

Mean temperature of 
densed steam 

Total heat given to water 

Total available heat of steam 
used 


con- 


1.08 hours 


408olb. 
66.1  F. 


168.1° F. 


8. 3lb. per 


Sq. in. 


4181Ь. 


189.9 F 


. 416,500B. T.U. 


. 468,3o00D. T.U. 


In conclusion it is useful to estimate the 
cost of warming by hot water, and of hot 
water supply :— 

tlb. of coal should produce 8. 510. of steam 
at or below a pressure of 25lb. per sq. in by 
gauge. Hence, as in 7Уга/ 7.. 1lb. of steam 
passed through the heater raised 51lb. of 
water from 194.4deg. F. to 211.5deg. F 
(equivalent to o.73 gallon of water raised 
from 60° F. to 180° Е.), about r3lb. of coal 
were used per hour. ‘The cost of this, taking 
coal at 20s. per ton, is 1.39d. per hour. 
(1s. 54d. рег тооо gallons raised from 
6odeg. to 18odeg. F.). This is exclusive of 
the steam supplied to the circulating pump : 
including this steam the cost is 2.31d. per 
hour, but if the exhaust steam from the 
circulating pump had been passed through 
the heater, then the cost would have been 
only r.42d. per hour. 

In Trial IL, 57501). of water were raised 
from 65.8 to 135.5dey. F. by 414lb. of steam. 
Hence about 3410. of coal were used per 
hour, costing 3.69d. This is equivalent to 
15. 334. рег 1000 gallons of water per hour 
raised from 6odeg. to 180deg. F. 

In Trial III. 408010. of water were raised 
from 66.1 to 168.1deg. F. by 4181Ь. of steam. 
Hence about 45]lb. of coal were used per 
hour, costing 4.87d. This is equivalent to 
1s. 3}d. per 1000 gallons of water per hour 
raised from 60 to 18odeg. F. 


A. S. E. ACKERMANN, 
B.Sc.(Eng’ng), A.C.G.I., A. M.I.C. E. 
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RECENT PRACTICE IN GEAR-CUTTING. 
ФФ 


HIS practice is one of the phenomenal 
features in the machine shops of the 
present day. One need not be a very 

old hand to realise the absolutely revolution- 
ary character of this development. The 
writer's experience goes back to a period 
when gear cutting was regarded as too 
expensive a luxury to be indulged in for the 
ordinary work of engineers. Very few were 
: used even on high-class machine tools, while 
none were ever put on fixed or travelling 
cranes, or on the ordinary run of machinery. 
The beginnings of the better practice date 
from, though in a rather half-hearted fashion, 
the cutting of change-gears for lathes. But 
many firms still retained the rough cast teeth, 
on the ground that they were better. The real 
era of progress began with the application of 
the motor drive to overhead travelling- 
cranes. "That story hardly need be repeated. 
It is sufficient to note that speed reductions 
from motor to hoisting and travelling 
motions involved trains of gears, spur and 
bevel, which were noisy, and wasteful of 
power, so that cut teeth became a necessity. 
Then the obvious advantages of the worm- 
gear reduction could not readily be secured 
simply because accurate teeth were difficult 
to obtain, and because the friction was 
excessive. "These things hastened a better 
practice, and the design of many new 
machines. Then the general applications of 
electric driving to machine tools in general, 
the demands for gears for tramcars and motor 
vehicles of all kinds, and lastly the substi- 
tution of geared speeds and feeds for belt 
cones in lathes and machine tools in general, 
have been, and are at present, potent causes 
in the development of a better practice. 
Since economy in production is an 
essential condition, the result has been more 


accurate gears at lower costs. This has 
involved the displacement of many of the 
old standard machines of universal type by 
machines of special design, and therein lies 
one of the most interesting features of 
present-day practice. The specialities of a 
firm determine the type of machine to be 
used. Seldom is a machine of universal. 
character now set down in a shop, but 
instead we have those best adapted for one, 
or perhaps two classes of gears only. 

Gear-cutting machines may be variously 
classified. First, by the class of wheel pro- 
duced in them, as spurs, racks, bevels, 
spirals, worm-gears. Second, by the method 
of cutting; as by rotary milling cutters, 
which impart the shapes directly; by plan- 
ing, using a form tooth, and by methods of 
generation. The last named are the latest, 
and furnish the most interesting examples of 
a problem which is worked out in a number 
of ways. Without doubt it embodies the 
general type of the future. 

With regard to tooth shapes, a result of 
the growth of gear-cutting machines is the 
inevitable displacement of the cycloidal 
teeth by a single curve tooth, which for all 
practical purposes is the curve known as the 
involute. Cycloidal or double-curve teeth 
cannot be generated, they can only be 
planed, or produced by rotary cutters. 
Single curve teeth can be generated by any 
cutter which has for its basis the rack tooth. 
The Brown & Sharpe practice has fixed a 
standard which is generally accepted, and 
the Brown & Sharpe proportions of teeth 
are also more largely standardized than any 
other. 

The relative results obtained by the use 
of rotary cutters, form planers, and generat- 
ing machines may be briefly stated thus :— 
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The rotary cutters being made in sets can 
cut intermediate sizes only approximately 
correct. ‘Though the variation from absolute 
accuracy is slight, the errors are there 
nevertheless. Form planer produced teeth 
depend for their accuracy on that of the 
forms, and though these are three times the 
size of the teeth the shapes of which they 
control, error may creep in. Yet in the case 
of bevel gears the form affords a far more 
accurate method than rotary cutters, which 
require two adjustments between cutter and 
blank to cut each tooth flank even only 
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approximately cor- 
rect. The generating 
machines possess the 
great advantage that 
whatever the design 
of cutter, it will pro- 
duce accurate teeth 
in all wheels cut by it, 
instead of being accu- 
rate only by jumps 
or stages as is the 
case with rotary cut- 
ters. In some designs 
the principle or base 
is embodied in the 
cutter itself, as in the 
hobbing machines, 
in others in the me- 
chanism of the 
machine, as in the 
Bilgram, the Robey- 
Smith and several 
others. 

Although many ex- 
amples of gear-cut- 
ting machines are 
built on one broad 
type, the individuals 
differ much in details. 
This fact is nowhere 
better illustrated than 
in the machines built 
for cutting spur gears 
only, familiar ex- 
amples of which are 
those called to mind by the associations of the 
names of Brown & Sharpe, Gould & Eber- 
hardt, in America, and Darling & Sellers, in 
England. But the machine of each manufac- 
turer differs in detail in greater or less degree 
from that of others, and a study of these minor 
differences is one of much interest. These 
spur gear cutters are mostly made with 
horizontal work spindles, with the cutter 
spindle reciprocating beneath at right angles, 
its slide well supported on the stiff bed 
below. The machine of Darling & Sellers is 
an exception, having the arbor vertical, and 
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the cutter slide moving perpendicularly on a 
head. In most machines the movements 
are all obtained from a single pulley, and all 
are automatic. A vertical member is pro- 
vided to support the outer end of the work 
arbor. The dividing wheel is large, and 
situated at the rear of the head. All these 
features the machines have in common. 
Some variable features are the following :— - 
The splitting of the rim of the dividing 
wheel, with hobbed teeth, in many machines. 
Friction-driven dividing mechanism by 
which shock is avoided when starting and 
stopping, and the use of elliptical gears for 
increasing and retarding the speed of the 
indexing motion. Multiple indexing adopted 
to avoid local heat- 


ing. Thus, one or 
two teeth will be 
missed alternately in 
going round, and 
cut afterwards, so 
distributing the heat- 
ing effects more 
equably round the 
rni than would be 


the case when suc- 
cessive teeth are cut. 
This is a matter 
worth considering in 
the heavy cutting 
now common. No 
extra change gears 
are necessary. The 
above features are 
embodied іп the 
machine by J. Park- 
inson & Son, of 
Shipley. 

Another variation 
is seen in the outer 
support for the work 
arborof themachines 
by Ludwig Loewe & 
Co., Ltd. Here two 
uprights are adopted 
instead of the one 


which is usual. These Fie 2. 
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are fitted at the front and rear of the bed, and 
the outer bearing for the arbor slides between 
them and is counterbalanced. Also, instead 
of being supported on a horizontal face as in 
the general design, they are fitted against 
vertical faces with tee grooves and bolts, and 
moved along with hand-wheel and screw. 
They are thus run along out of the way when 
they must clear the work. 

Heavy machines of this type by various 
makers have provision for elevating and 
lowering the work spindle head by power 
through a screw. | Most of them now have à 
waste oil tray running all around the bottom 
of the base casting. 

The demands made for spur gears of 
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ever-increasing weight has been instrumental 
in developing more massive designs, built 
after a different model from that of the more 
familiar spur gear cutters just noticed. Until 
a recent period large wheels could not be 
cut except by rigging up special rigs on a 
slotting machine in a makeshift manner. 
When large wheels have been wanted more 
accurately than they could be made from 
patterns, the wheel moulding machines have 
been resorted to. All that is now changed, 
and machines are made which will cut gears 
up to 2oft. in diameter by 36in. face, while 
those of lesser capacities are common. 

In all these the type bears some resem- 
blance to that of a plano-miller. А bed 
with flat ways and supported on standards 
carries the vertical work arbor with the 
indexing wheel below. The slides of the 
cutter spindle are movable on the face of an 
upright or housing sliding on the bed. The 
vertical feed of the cutter spindle slides gives 
the depth of face, and the movements of the 
housing give the depth of cut. Rotary 
cutters are used and the machines are either 
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automatic, or indexing 
has to be done by 
hand. In these mas- 
sive machines the 
weight of the spindle 
slides is counter- 
balanced. As in mill- 
ing machines the outer 
bearing of the cutter 
spindle is adjustable 
endwise. 

Much attention has 
been directed during 
the last two or three 
years to the machines 
which generate spur 
gears by means of a 
hob similar to that 
used for producing 
accurate worm wheels. 
The deal of hobbing 
spur gears is not new. 
It has been done in 
Reinecker machines 
for many years, but in a different type from 
that of the newer machines. The gear blank 
is mounted on a horizontal axis, the spindle 
rotating in a head on top of a stiff pillar. The 
hob is traversed underneath towards the head. 
The work spindle, driven by a dividing 
wheel, is connected to the cutter spindle by 
suitable change-gears to rotate the gear 
blank and the hob at the proper ratios. The 
hob is raised on its knee support to a height 
which sets it into depth of tooth at once, 
and the rotation and inward feeding proceeds 
until all the teeth are cut simultaneously to 
the full depth. In some respects this 
machine is built on the lines of the pillar 
and knee milling machine. The upright, 
the elevating knee carrying the cutter slides, 
an outboard support coming up from the 
base to support the end of the work arbor, 
and affording a bracing also to the outer 
end of the knee, follow milling machine 
design. 

But all the new hobbing machines have 
their work arbors set vertically, besides 
which the essential mechanism is almost 
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entirely different from 
that just noticed. 
Moreover they show 
many differences in 
design from each other. 
Some of them, like the 
Reinecker, are uni- 
versal, being capable 
of cutting spirals 
as ме! as spurs, 
which involves a 
separate set of change- 
gears. Details are 
also worked out with 
more or less elabora- 
tion; and some ma- 
chines are built of 
exceptional strength 
for heavy duty. 

The hobbing ma- 
chine has caught on 
as no other recent 
machine has, because 
the principle of 
generation is embodied, which is in har- 
mony with modern requirements. There 
is the advantage also that ordinary rotary 
cutters can be used, but that is a con- 
cession to firms who possess a stock of 
these cutters. The important point is that 
a single hob generates all spur gears. whether 
large or small, of the same pitch with perfect 
accuracy. Compare this with the employ- 
ment of the eight standard cutters which 
have to do service for the whole range of 
gears of a single pitch. In the ordinary set 
which is generally accepted, the No. 2 cutter 
has to serve for all wheels between 55 and 135 
teeth, the No. 3 cutter for all between 35 
and 54, the No. 4 between 26 and 34. A 
cutter can only be absolutely correct for a 
wheel of one size, so that all other wheels 
between the included numbers can be only 
cut approximately correct. The difference 
is not great, but approximations become 
increasingly objectionable to the modern 
machinist. So that an important advance 
is made when a single hob will cut all gears 
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of the same pitch accurately. But the work 
is also done more rapidly, while a hob which 
has several threads will retain its accuracy 
for a longer period than a single cutter will 
do. Neither does any reversal with its 
consequent shock take place, but the cutter 
and gear-blank rotate continuously from the 
commencement to the termination of the 
work. 

As the hob is a spiral or worm gear, and 
has to cut spur wheel teeth which are square 
or at right angles to the plane of the wheel, 
the hob isset at an angle with the plane of 
the gear being cut, that angle correspond- 
ing exactly with the angle of the spiral. 
This will vary with pitch and diameter. If 
the angle of thread happens to be 3deg., the 
axis of the hob is set by that amount out of 
the plane of the wheel to be cut. Moreover 
the method of cutting is different from that 
of worm wheel hobbing. The blank is set 
as stated in connection with the Reinecker 
machine, at correct centres at once, so that 
the hob begins to cut at its full depth. As 
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it is fed across the wheel face, the blank 15 
revolved and the cutter is fed simultaneously 
with the regular revolution of the blank. 
The rate of revolution of the wheel blank 
synchronises with that of the hob cutter, 
otherwise interference must take place. 
This is provided for by two distinct sets of 
change gears, the pitching gears and the 
ratio gears, which are so set up that the 
cutter makes the same number of revolutions 
during one revolution of the blank as there 
are teeth on the latter. But the blank has 
to make some dozens of revolutions beíore 
the teeth are cut through. Тһе number 
depends of course on the depth of face, and 
the fineness or coarseness of the pitch. 

The details are worked out in the main 
as follows:—A_ horizontal bed, which is 
utilised as a tank to contain lubricant, carries 
an adjustable saddle or carriage in which the 
work arbor is stepped vertically. "The divid- 
ing wheel and its worm are located and 
protected beneath the carriage. An upright 
at one end of the bed receives on its vertical 
face the carriage of the cutter slide, the 
weight of which is counterbalanced, and 
provision is made for feeding it downwards. 
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The cutter spindle is 
driven at various 
speeds through spur 
gears, and is also made 
capable of swivelling to 


any angle, its base 
being indexed into 
degrees. 


When hobbing worm 
gears, a hob of suitable 
lead and pitch being 
selected, its axis is set 
in the same plane as 
that of the gear blank, 
and not at an angle 
therewith as when cut- 
ting spurs. The gear 
blank instead of being 
set at correct centres 
in the first place, as in 
spur gear cutting, must 
be fed inwards towards the hob as the cutting 
proceeds. The axis of the hob remains in 
the same plane as the central plane of the 
gear, instead of being fed downwards. It is 
not necessary to use change gears for cutting 
worm wheels. If the teeth spaces are 
gashed first, the hob will feed the blank 
round as it cuts. 

The case of spiral gears is rather 
peculiar. It differs from that of spur and 
worm gears as follow:--The axis of the 
cutter is set at an angle suitable for the 
particular gear to be cut. If a spiral gear is 
required to have teeth at 45deg. of angle the 
cutter is sct at 45deg. plus its thread angle. 
The cutter has to be fed downwards into the 
blank, resembling so far the action of spur 
gear cutting. But it feeds at an angle, 
taking a. helical direction in relation to the 
axis of the spiral wheel blank, and change 
gears have to be calculated to impart this 
differential motion. 

A machine was patented some years ago for 
cutting racks with a hob. The driving and 
return mechanism is built on similar lines 
to that of a planing machine, namely, a 
rack drive with quick return operated by 
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The rack is 
carried on a cross 
slide fitting on the 
carriage, and the hob 
spindle is arranged 
over the rack blank 
at the bevel corres- 
ponding with its lead. 
A cut is taken along 
the length, and then 
reversal takes place 
when  ratchets and 
screws feed the cross 
slide with the blank 
transversely under the 
hob for the succecd- 
ing longitudinal cut, 
and so on. Theaction 
as far as deepening 
the cut in succeeding 
cycles is concerned is 
the spur gear hobber. 

The utilities of such a machine are not 
very obvious, as the work of rack cutting is 
on a different footing from that of spur 
gears. А rack tooth has a constant angle, 
while the shapes of spur gear teeth vary with 
numbers of teeth. Moreover racks are 
already cut accurately and economically 
with rotary cutters. Economy is secured by 
laying similar racks in line, say from six to 
a dozen, and cutting through the lot ; or by 
using multiple cutters which go through 
several adjacent teeth at once, and by a 
combination of both devices. 

The generating process appears to be 
applied to rack-cutting only in one machine 
as a modification of the Fellows spur gear 


tappets. 
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identical with that of 


shaper. The same pinion-like cutter is used, 
and the mutual relations апа relative 
motions are employed. That is, the 


cutter acts on the moulding principle in 
producing the rack teeth, only the moulding 
is done by cutting of the metal. 

The form, former, or templet principle of 
cutting 1s a planing process in which the 
tool reciprocates like a planer or shaper tool, 
its movements being controlled by the edge 
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of the form or templet. The designs of such 
machines are subject to much variation in 
the hands of different firms. Originally 
introduced for the planing of bevel gears, 
which cannot be cut perfectly accurately 
with rotary cutters, they have been made 
also in a few instances for planing spur gear 
teeth. The only advantage which the 
planing process has in this case is in the 
production of very heavy gears. ‘The strains 
produced by the use of very large milling 
cutters are more severe than those due toa 
single pointed or single edged tool. The 
heavier the gears, therefore, the greater the 
reason why the method of planing should be 
selected. But few firms make them. ‘The 
Gleason Company have them, and the 
Newton Machine ‘Tool Works also, but 
built very differently. Тһе Gleason machine 
has its spindle horizontal, and the cutting 
tool is mounted on a head traversing along 
a bed to one side, operated by open and 
crossed belts and a screw. A gear 2oft. in 
diameter can be cut, large gears being accom- 
modated in a pit. The Newton machine is 
a modified slotter. The gear is mounted on 
a vertical arbor on a long bed, at one end of 
which the slotting column is supported. Тһе 
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table is indexed through worm gears and 
change gears by a separate electric motor. 
The templets against which the tool posts are 
pressed by springs are mounted in brackets 
on each side of the post. 

The bevel gear-cutting machines which 
use a form or templet are represented chiefly 
by those of the Gleason Company, and the 
Oerlikon firm, and by those of Greenwood 
and Batley. These are not recent, each 
having been in use for a number of years. 
They differ much in details of design, having 
little in common beyond the fact that 
templets are used. The principle is ex- 
tremely simple—namely, the strictly linear 
movements of the tool and the movements 
of the wheel blank are always in planes 
which meet at the apex of the pitch cone, 
controlled as to curves by the templet, and 
in regard to bevels by the mechanism 
of the machines. This involves two motions 
to the blank, one corresponding with that 
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of the sectional bevel of the gear or that 
perpendicular to the axis, the other that in a 
lateral direction. In some the mechanism 
for carrying the wheel blank is pivoted at 
one side of the main frame, in others, and 
by far the larger number, it is carried on top 
of the main frame, obviously a more rigid 
construction. Most machines have but one 
shaper tool arm, but several have two arms 
cutting opposite sides of the same tooth, 
and reciprocating alternately. These ma- 
chines are doing good work, and enable 
gears which for all practical purposes are 
absolutely correct to be manufactured at 
reasonable cost. Тһе Bouhey machine 
planes single helical bevel gears. 

At the present time the chief interest 
centres in the generating machines for bevel 
gears. The earliest type was the Bilgram, 
which is now made fully automatic, and 
which in spite of the rivalry of later machines 
is still a favourite. Its tool, of wedge shape, 
representing the rack- 
tooth section, is re- 
ciprocated by an arm 
moving rigidly between 
slides. The move- 
ments of the blank are 
controlled by one of 
the twenty-two roll 
cones, or evolvers in 
the series supplied, 
actuated through steel 
bands. АП the flanks 
on one side are cut 
after preliminary gash- 
ing, and afterwards 
those on theother side. 
The movements of the 
blank have a peculiar 
appearance. They are 
compounded of an 
oscillation in a vertical 
plane, giving the bevel 
perpendicular to the 
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^ ^ оп the pitch surface, 
BY SMITH & COVENTRY, giving the lateral 
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angles. As the blank is rolled against the 
reciprocating tool and rotated, the teeth 
are shaped in succession as the unwinding 
of one of the tapes pulls over the roll cone 
on its seating, the cone forming virtually 
the base circle of the involutes of the teeth. 
The roll cone has not been embodied in any 
other bevel-gear generating machine, though 
the Ducommon most nearly resembles it. The 
subject is now approached from a different 
point of view, namely that of a crown bevel- 
gear, that is, one the pitch plane of which 
does not form the surface of a cone, but is a 
horizontal plane. ‘The teeth of such a wheel 
correspond with the rack teeth of the spur- 
gear basis of generation, and all bevel gears 
cut with it will be correctly shaped. The 
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basis is simple enough, but the different 
ways in which the details are worked out are 
a most interesting study. The interest lies 
in the fact that the mechanisms of the 
machines themselves produce the required 
results, the movements of which cannot be 
explained in a few paragraphs. The prin- 
cipal machines of this class are the Robey- 
Smith, the Beale, the Warren, the Monneret, 
the Ernault, the Gleason, the Sunderland, 
and the Dubosc. In some the blank is 
rotated by a distance equal to the pitch 
between each cut. In one the teeth are 
of slightly helicoidal form produced by a 
rolling feed which is independent of the 
rotational movement. Machines cut either on 
one side only, or on both sides of a tooth 
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FIG. 9. 


at once. Three of these machines employ 
rotary cutters instead of reciprocating tools. 
The Warren was the first to embody this 
device. The cutting faces of these rotary 
milling cutters correspond in angle with the 
angle of the crown gear teeth, and they are 
fed along the teeth of the blank with suitable 
slides which give the correct angle. The 
cutters operate on the inner or opposed 
faces of adjacent teeth in the Beale. Pro- 
visions are made for angular adjustments of 
slides to suit gears of different angles, and 
telescopic shafts and gimbal joints follow 
the movements. 

The latest bevel wheel generating machine 
is the Sunderland patent, manufactured by 
the Churchill Machine Tool Company, Ltd., 
of Manchester. It first gashes round all the 
tooth spaces and afterwards finishes them. 
The cutter is in the form ofa rack tooth, but its 
thickness is less than half that of the pitch 
at the small end of the teeth of the wheel to 
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be cut, to permit it to clear. The gear blank 
is carried on a horizontal axis fitted with 
dividing gear and change wheels and 
supported in a slide movable in a horizontal 
plane round a quadrant on the base of the 
machine to impart the bevel to the teeth. 
It also carries a toothed segment operated 
from the tool slide to give the necessary roll 
to the work during the cutting of the teeth. 

The cutting tool is carried in a quadrant 
head on the opposite end of the base facing 
the work head. The quadrant head carries 
tool slides which oscillate on it in a vertical 
plane. A crank disc imparts the recipro- 
cating movement to the tool slide, being 
driven by a three-stepped cone. Connected 
to the bracket is a cam in which a runner is 
fitted operating a sliding plate connected to 
a toothed segment fitted to the tool slide. 
The object of this is to retard the speed of 
the tool slide on the quadrant, and cause 
slight rounding of the tooth points, to 
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correct the interfer- 
ence due to the 
entry of the tooth 
points. Тһе ex- 
planation of the 
working out of the 
precise details would 
be of little value in 
the absence of draw- 
ings. crank 
disc at the side of 
the machine which 
operates the work 
head quadrant is 
provided with a 
vernier setting. А 


The 


suitable index is 
provided to the 
quadrant. It is fed 


to the tool during 
gashing by a ratchet 
and pawl during a 
half revolution of 
the crank disc, when 
it is forced back 
quickly to clear the 
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ing motion comes 
into action, follow- 
ing which the quadrant is moved slowly for- 
ward to allow the next space to be gashed, 
and so on automatically round the wheel. 

Afterwards the teeth are completed by 
certain relative movements in which one 
side of all the teeth is finished, when by an 
alteration in relative positions the other 
side of all the teeth is finished. 

Spur-gear generating machines were, 
until the advent of the hobbing machines, 
represented by one only—the Fellows. Here 
the principle is that one standard gear is 
capable of producing any other gear of any 
number of teeth of the same pitch to mesh 
with it. The action is as though the master 
gear were rotated at the proper ratio with the 
blank, and thus moulded the teeth of the 
latter. Actually the cutter is a gear, produced 
by a simple process of generation by a 
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rotating grinding wheel, embodying the 
angle of a rack tooth. This gear, being 
hardened and backed off, is rotated with the 
blank at the ratios proper to the two, and 
being also reciprocated vertically, shapes the 
teeth in a blank of any diameter with a 
perfect generation of involute curves. The 
rest is a matter of detail. Feed arrangements 
cause the vertical or rotary movement to 
harmonise with the rotation of the blank. 
Change gears are used for pitching. "The 
cutter is relieved from contact with the work 
during the return stroke. Тһе cutter gives 
a draw cut, but it can be reversed if desirable, 
as in cutting down to a shoulder. Internal 
gears can be produced. A rack cutting 
attachment is fitted to some machines still 
using the same cutter, but substituting a 
linear movement in place of the circular 
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movement for wheel 
blanks. 

Another very re- 
cent automatic spur- 
gear generating 
machine has been 
brought out by J. E. 
Reinecker. It ope- 
rates by planing, and 
the roll cones of the ЧЕ 
Bilgram machine *. 
are embodied. Ап 7 
advantage of this 
over Cutters is that 
teeth can be pro- 
duced with varying 
thicknesses, and of 
either normal or ab- 
normaldepths. Thus 
in cutting pinions 
with a small number 
of teeth, the teeth 
can be thickened, 
and the amount 
that is thickened can 
be deducted from 
the thickness of the 
wheel tooth. 


The cutting of 
worm gears has 
passed through 


several stages. ‘The 
practice of several 
years ago was to 
gash the teeth approximately with a fly 
cutter, correct for the tooth shapes of 
the middle plane of the wheel, and then 
correct the portions of the teeth between 
centre and ends where considerable differ- 
ences in shape occur. ‘This correction 
was done by chisel and file, using the 
worm as a templet, and in some cases by 
grinding in the worm with emery powder 
as a finishing operation. Then came the 
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advent of hobbing. It grew slowly at first, 
because of the expense and difficulty of 
backing off and hardening. But with im- 
proved machinery and methods the hobs 
have become common. There is a method 
of hobbing worm gears used toa considerable 
extent, in which the hob is fed tangentially, 
to permit of which it is tapered longitudinally. 
This was due originally to Mr. Reinecker. 
JOSEPH HORNER. 


(Zo be continued.) 


ELECTROLYTIC TINNING. 
@ 


HERE is hardly any one process of 
doing anything that 15 “(ће best" 


for all conditions, so that the number 
of processes for securing any one result is 
constantly increasing, and at the same time 
new applications of the old processes are 
discovered. For protecting metals that are 
liable to rust or to be attacked by vegetable 
acids, \c., tinning is one of the most 
common and most efficient methods ; but 
there is no one process of tinning that is 
available for all classes of articles which 
need such protective coating. 

Up to within a comparatively short time 
ayo, all metals with the exception of tin have 
been successfully—which means also easily 
and cheaply — deposited by electrolytic 
action; the general introduction of the 
dynamo having greatly facilitated this. But 
tin has proved itself somewhat resistant to 
attempts to deposit it thinly, evenly, and 
without crystals; and so finely that the 
coating will resist ordinary wear and use. 
This has been especially desirable in 
countries—such, for instance, as Germany— 
where cooking utensils, preserve and milk 
cans, and cocks and fixtures for beer re- 
ceptacles, are required by law to be either 
tinned or enamelled. Where sheet iron, 
steel, or copper is tinned, it is, however, 
essential that it shall stand being bent, 
drawn, and pressed, without the coating 
separating or cracking, even where the latter 
is at the rate of 350 grains per square foot. 
The molten tin bath is naturally a source 
of loss by evaporation as well as by alloying 
with the metal of the kettle, and also should 
be used uninterruptedly to keep down the 
cost of fuel per article tinned. ‘This method 
is, however, impracticable for large articles ; 
and where they are hollow, but open at only 


one side, it is also difficult to secure an 
internal coating that shall be as regular and 
even in thickness as that on the outside. 

A tinning process now quite successfully 
introduced in Germany for depositing very 
heavy coatings on articles of all sizes, is 
much the same as that used in ordinary 
galvano-plating, with the exception that the 
bath is kept at a temperature of between 
Sodeg. and 6odeg. C., or, say, 122deg. and 
140deg. F. The bath is heated either by 
direct firing, by steam jets, or by a steam 
coil or double bottom, as desired ; no 
pumps or stirring apparatus are necessary, 
and the regeneration of the liquid is effected 
by anodes. The time required is naturally 
dependent on the desired thickness of the 
tin coating. Small articles are preferably 
held in perforated baskets of sheet metal 
of convenient form, and about jin. thick. 
The bath is of enamelled cast iron, either 
with or without double bottom for steam 
heat. 

The articles to be tinned are first to be 
cleaned from dirt, dust, scale, rust, soldering 
fluid, paint, €c. Those made of copper or 
of copper alloys are first cleaned with oxalic 
acid or its equivalent. 

Iron and steel articles, if rusty or covered 
with scale, are pickled in dilute sulphuric acid 
and well scrubbed with a scratch-brush. 
Tumbling is recommended for such as will 
stand this process. If the articles are 
polished, turned, filed or stamped iron or 
steel, which are only dull from long standing, 
or only slightly greasy, it is sufficient to 
tumble them in a 5 per cent. soda solution 
for a considerable time. If they are very 
rusty or dirty it is well to wash them in ro 
per cent. soda lye, then to pickle them in 
dilute sulphuric acid, then to rinse them in 
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pure water, and finally to tumble them in 
weak lye and quartz sand. Fine sand makes 
them matt, coarse sand polishes them ; the 
choice of sand must be made according to 
the articles. If a special polish is desired 
for iron or steel articles, they should be 
tumbled in a 3 per cent. soda lye to which 
some soft soap has been added. After the 
pickling or other cleaning processes the 
articles should be rinsed in running water to 
remove any remaining pickle or other liquid. 
The clean articles are then to be kept in 
clean water until the time comes to tin 
them; but this should be done as soon as 
possible. 

Articles of lead or zinc can be tinned at 
once after casting, without any special pre- 
paration. If, however, they have been 
exposed to the air for a considerable time 
they must be scratch-brushed. 

It is really advisable to tumble all articles 
which are to be tinned in the bath, in warm 
IO per cent. soda lye. | 

The articles аге placed in a perfectly 
clean metal pan which is attached to the 
pole of the battery or dynamo. This pan, 
after being used two or three times, must 
be pickled in dilute nitric acid and then 
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thoroughly washed ; and it is well to have 
two sets, used alternately, one being kept in 
the pickle while the other is in the bath. 

The articles must not be piled on each 
other, as this would cause bare or thinly 
covered spots. Large ones should be turned 
from time to time. Those of very irregular 
form are best held in pans of specially 
adapted shape; sometimes it is well to have 
a metal cover-plate which shall lie on them 
and make better connection with the pole. 
Where articles are put twice in the bath it is 
well to rinse them between times in pure 
water. "This water, once used, is added to 
the bath—naturally if it has been used to 
rinse tin solution from the articles it should 
not be added to a nickel or other non-tin 
bath. 

The bottom of the bath gets gradually 
covered with sediment ; and this should be 
removed from one to three times a week, in 
the morning, when the bath is cold. The 
clear bath liquid can be siphoned off by a 
clean rubber hose into a clean wooden tank, 
without disturbing the sediment ; the bath 
tank is then to be scrubbed and rinsed with 
pure water. 

R. GRIMSHAW. 


THE VALUE OF GENERALISATION IN - 
SCIENCE 


955 


Y this term is not meant merely the 
value of “general” education to 
scientists. This value is undoubted, 

but represents quite a different phase of the 
subject to that dealt with here. The chief 
meaning of “generalisation,” at least to the 
scientist, is that attached to such historical 
collections of data, and assertions therefrom 
of wide principles, as are those of Newton, 
of Maxwell of Helmholtz, and of many 
others. 

The world's greatest geniuses have been 
characterised by a remarkable power of 
generalisation — itself a sufficient proof of 
the importance of this process, for from an 
occupation which has exercised the most 
brilliant minds of all times, results of 
fundamental value must result. 

Generalisation may be considered to be 
the deduction of broad laws and principles 
from a mass of data (obtained by calculation, 
deliberate experiment or casual experience). 
Successful and valuable generalisation is by 
no means a conclusion necessarily following 
on the collection of the data involved. In 
an experimental research, for instance, the 
individual conditions of each experiment are 
often given far too much importance by their 
observer. These conditions may continually 
vary, and the attempt to correlate them with 
the results obtained then leads to confusion 
and failure. 

The great art of generalisation consists 
in sweeping away local details and petty 
points which appear at first sight to have 
vital bearing on the results, and laying bare 
the main underlying Jaw to which all the 
experiments or cases of experience, apparently 
so widely distinct, are really subservient. 


Generalisations deduced from one set of 
experiments or calculations have often been 
found to be applicable to a far wider field. 
Such have largely helped that interlinking of 
the sciences which is now recognised as so 
essential to progress. 

The fact that man classifies various pro- 
cesses or phenomena as mathematics, sound, 
&c., cannot alter the fact that all things obey 
certain fundamental laws—“ universal" in 
the true sense of the word. 

Thus it may be said that generalisation 
consists in the representation in concentrated 
form easily applicable to апу desired 
problem—the results of perhaps years of 
research. 

Considering here the branches of science, 
each in themselves a science—mathematics, 
chemistry, physics (including heat, light, 
sound, and electricity) and general engineer- 
ing—instances аге to be found in each of the 
value of generalisation. The writer is not 
competent to comment on the generalisations 
of art, literature, history, medicine, &с., 
but is fully aware of their existence and 
importance. 

The best idea of the value of generalisation 
is obtained by a study of the generalisations 
in each branch of science, noting the vast 
effect produced in each case. Іп every 
section it will be found that modern lines of 
thought and recent rapid development are 
all based on certain great generalisations 
on which depends the whole subsequent 
structure. 

In some cases generalisations, at one time 
thought to be correct, have been found 
inaccurate in some respects, if not altogether. 
This does not in the least detract from the 
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value of that generalisation up to the time 
of the discovery of error. It presented at 
the time of its inception a perspective of the 
data then available and so afforded a system 
on which subsequent work was based which 
led to further progress. ‘hat this progress 
proved the original generalisation faulty is 
no argument that the latter should never 
have been made. On the contrary it led to 
such researches as established more nearly 
the truth. The italics are necessary in the 
last sentence because it must be remem- 
bered that few of our generalisations are 
capable of proof. They are the summarised 
results of so much experience that until a 
single exception ts found they may be accepted 
as facts. 

Bearing this in mind, much of the panic 
and chaos which result whenever any doubt 
is thrown on a part or the whole of an 
empirical general law, may be avoided. In 
the past immense controversies have raged 
over certain alternative generalisations, ¢.g., 
the corpuscular and wave motion theories of 
light transmission. Many exponents of the 
corpuscular theory (to deal with this example) 
seemed to consider that the whole science 
of optics, as then existing, must crumble to 
ruins if their theory, on which it had so far 
been based, were overthrown. 

As a matter of fact, at the time this 
discussion arose, the effect on fas? results, 
of whether light transmission consisted 
of a corpuscular or vibratory motion, was 
absolutely nil, but the future development of 
the science was for the time being entirely 
dependent on the correction of the generali- 
sation which so far had proved so fruitful. 

Having thus indicated the general sphere 
of usefulness of generalisations, the main 
examples in each of the branches of science 
already mentioned may be considered. 

In mathematics the generalisations of 
Newton laid the foundations for the whole 
subsequent development. His laws of 
gravitation and his general laws of motion 
have made our present-day efficiency in 
astronomy and mechanics possible. (Of 
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course it must be remembered that in 
Newton’s day science was so far advanced 
that had he not discovered his laws someone 
else must soon have done so. Progress 
inevitably leads to progress, and no sudden 
discontinuous advance is possible. Some 
special genius may accelerate the develop- 
ment by a few years, but as long as science is 
practised advances must assuredly occur.) 

The calculus—both differential and its 
inverse, the integral —may be considered as 
another fundamental mathematical generali- 
sation without which all modern calculations 
would be infinitely more tedious and many 
absolutely impossible. For years the 
principle of the calculus had been used to 
a more or less accurate degree, but rapid 
advances only occurred after these principles 
were collected and formed into a definite 
science with accurate laws of application to 
meet all possible conditions. By the formu- 
lation of such laws of usage new applications 
and processes can be found by analogy and 
extension, just as any number of “ points” 
can be interpolated on a graph. 

These, perhaps, are the most fundamental 
generalisations in the realm of pure mathe- 
matics, while in applied mathematics the 
increasing use of vector figures and stress 
diagrams, and the plotting of curves from 
experimental data, and deduction of equa- 
tions to the curves (itself a process of 
generalisation), as well as our increasing 
knowledge of analysis of wave forms, have 
all led to great advances. 

In the science of chemistry some of the 
most striking generalisations are to be found. 
This science is inherently one in which 
generalisations are possible, dealing as it 
does with the properties and interactions 
of and changes in materials. Apart from the 
great generalisations of physical chemistry, 
which have formed the basis of the science 
going by that name, and which include the 
laws of Marryat, Charles, Dalton, and Boyle, 
and the hypothesis of Avogadro, these finally 
culminating in the kinetic theory of gases, 
there are Dalton’s atomic theory and 
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Mendeleef's periodic classification of the 
elements, standing out as mighty examples 
of the value of generalisation. 

Perhaps the period classification of 
elements isthe most potent example available 
of the points it is wished to emphasise. 
Though there are slight departures from the 
classification (which will probably eventually 
lead to considerable changes in our ideas), 
the value of the generalisation cannot be 
better evidenced than by /Ze discovery 
of several new elements whose existence was 
only suspected from gaps in the classifica- 
tion. The properties of these elements were 
very accurately prophesied (again оп the 
evidence of the classification) before the 
search for the elements was even commenced 

During the past few years the generalisa- 
tions regarding the molecular structure of 
materials have become so wide and precise 
that the manufacture of various steels, for 
instance, has resolved into an exact fulfilment 
of the given conditions of working—no 
longer has the work to be varied to suit 
the tool. 

Electrically and electrolytically the subject 
of molecular structure is of vast importance. 

The conservation of mass is a universal 
principle first realised in chemical research : 
it is a principle intimately bound up with 
the nature of heat, and the event of its 
formulation practically revolutionised chemi- 
cal theory and practice. 

Physics shares with chemistry the pos- 
sibilities and fruits of vast generalisations. 
Treating the various sub-headings : Heat— 
The fundamental generalisation that has 
been established with regard to heat is that 
it is not a ponderable fluid, but, like light, 
Is a wave motion (the wave length is, how- 
ever, much shorter in the case of light). 

As already indicated, from this principle, 
in the field of chemistry, followed the 
conservation of mass. 

The second generalisation of importance, 
leading to the principle of the conservation 
of energy, is that regarding the mechanical 
equivalent of heat. The discovery of the 
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possibility of converting work (mechanical 
or electrical) to heat and vice versa, and with 
a definite exchange rate (J. Joule's equiva- 
lent) makes all modern calculations regarding 
the efficiency of machines, &c., possible. 

Light.—In the science of light the generali- 
sation known as the wave theory of light 
has already been mentioned. For some 
time both theories regarding the nature of 
light transmission had their exponents, and 
both appeared to equally well explain known 
phenomena. At last, however, concurrent 
running became impossible, and the crucial 
experiment, mentioned in all text books, 
finally proved the correctness of the wave 
theory. (Or rather we should say the nearer 
approximation to the truth afforded by this 
theory ; for when, some day, phenomena are 
observed incapable of explanation by our 
present theory, the latter will have to be again 
revised.) 

Maxwell's electromagnetic theory of light 
was another stupendous generalisation, and 
forms a remarkable instance of the prediction 
possible by extending a collection of known 
results. Many entirely new phenomena 
were mathematically predicted in this case, 
including that which was, fundamentally, the 
basis of wireless telegraphy. 

It is common knowledge how Herz, with 
his transmitting and resonator circuits, first 
transmitted and detected electric oscillations 
through the ether, and with this one step 
discovered the waves now bearing his name, 
laid the foundations of all wireless telegraphy, 
conclusively proved the correctness of 
Maxwell's theories (the whole of which 
follow in logical sequence once one part is 
proved), and finally overthrew all notions of 
“action at a distance." 

Sound.—In sound no such striking and 
far-reaching generalisations can be instanced, 
but the development of the study of oscilla- 
tions due to sound waves and the recording 
of the wave forms of various sounds has 
formed the starting point for an infinity of 
practical applications. Our knowledge of 
the nature of sound vibrations and the 
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means of recording and reproducing them 
is well instanced by the telephone and 
gramophone. 

Electricity.—In electricity one has such а 
complex science, composed of so many 
specialised branches of diverse application, 
yet all governed by a few simple laws, that 
the best instances of generalisation may be 
taken to be these all-pervading laws. First 
and foremost stands Ohm's law, that 
remarkably simple principle which, pro- 
viding the conditions are as stated in its 
enunciation (viz., current and temperature 
both constant), is applicable to every electric 


circuit. Few laws have such a sphere of 
operation. 
Kirchoffs laws are similar in their 


universal value and applicability. 

To cite all the other available instances 
of generalisation in electricity would be to 
merely refer to the results of the researches 
of Faraday, Davy, and all the followers in 
that illustrious train. 

Clearer ideas of the nature of electricity 
have been continually obtained ever since 
the first erroneous conceptions of electric 
fluids possessed of mass were abandoned. 

The electronic theory, among others 
consequent on electrical research, has proved 
of immense value, not only among ‘he 
associations connected with its inception, but 
also in the general field of physics and 
chemistry. | 

In general engineering, again, the same 
difficulties are experienced as in the case of 
electricity when endeavouring to collect the 
generalisations characteristic of that particu- 
lar branch of science. 

Engineering is fundamentally a science 
whose existence and progress depends essen- 
tially on the collection of results—on the 
formulation of general principles relating to 
every detail. The progress of the science as 
a whole depends on the progress and 
development of every detail, with. the result 
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that no all-including generalisations are to be 
found ; but, no matter what subsection be 
referred to, there generalisations can be found 
which are the more comprehensive and 
complete the smaller the detail whose use 
and design is concerned. 

This being so, only such broad principles 
as the increasing use of vector diagrams, the 
microscopic examination of materials, the 
tendencies towards compactness, cheapness, 
reliability, lightness and speed, and so on, 
can be referred to. 

The value of these is known to every 
engineer—the design of complicated engin- 
eering structures by mathematics alone 
would Бе inconceivably laborious—the 
graphical solution is a relatively simple 
matter (especially if the peculiarly simple and 
valuable notation invented by Henrici be 
used). 

The knowledge gained by our extended 
chemical, microscopic, and mechanical 
researches into the properties of pure metals, 
and even more especially of alloys, has led 
to most remarkable advances in efficiency, 
safety, and speed of operation. 

Similar instances, each apparently of fun- 
damental importance till it is observed that 
the nest is equally valuable, could be 
multiplied indefinitely. 

Taking science as a whole the most 
apparent and certainly the most valuable 
generalisation during recent years has been 
the increasingly universal recognition of //e 
value of seneralisation. Tests are systemati- 
cally taken now in every possible instance: 
the data are obtained with extraordinary 
accuracy and are logically recorded. In this 
way a mass of information is collected 
which, viewed in every light, presents new 
knowledge and leads to a most rapid widen- 
ing of our appreciation of the phenomena of 
Nature. 


R. E. NEALE. 
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SHAPING MACHINE WITH TRAVERSING TOOL 
AND ADJUSTABLE BOTTOM TABLE. 


OD 


HESE machines, which are made in two 
sizes, viz., 20in. and 24in. stroke, have 
been specially designed for operating 

on articles too large to be mounted on the 
ordinary rising and falling table, and, for this 
purpose, the baseplate is provided with a 
table which carries the work and 


can be traversed laterally, either by hand for 
adjusting purposes—which is the standard 
form of construction—or, if so desired, 
automatically. 

The head of the ram is built in the form 
of a cross-slide, along which the tool-slide 
can traverse automatically. By combination 


or 


SHAPING MACHINE BY SELIG, SONNENTHAL & Co. 
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of the lateral movements of the bottom table 
and toolslide, work usually done on the 
planer, such as machining the main bearings 
of small engine beds, &c., can be performed 
on this machine. To do this, the work is 
bolted to the bottom table, and the first 
bearing machined with the travelling tool. 
The table is then adjusted until the second 
bearing is brought to the position originally 
occupied by the first and the machining 
process repeated. 

The ordinary rising and falling table is 
hinged to the cross-slide in order that it 
may be clear of the large work without the 
inconvenience of removal. 

The machines are very heavy and the metal 
is judiciously proportioned to take all strains. 
The adjustment of ram is effected by a 
hand wheel placed in the most convenient 
position, viz, on the same centre as the 
handle for clamping the link to the ram. In 
other makes the adjustment is made from a 
separate centre. The index for the stroke is 
of an entirely new design, placed on the 
swinging feed bracket quite close to the 
adjusting handle and consequently in a much 
more favourable position than on other types 
of shaper, where the index is placed on the 
ram. The feed motion is of original design, 
by which the feed may be stopped, and then 
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altered or reversed when the machine is 
running at full speed. The feed is also 
arranged to slip if the slide should reach the 
end of its stroke before the feed is dis- 
engaged, thus preventing a breakage of the 
feed mechanism. Thehandle for the back gear 
is brought to the front and is clear of the belt. 
On most other makes it is either placed right 
at the back of the machine or between the 
belt, the latter position being exceedingly 
dangerous and limiting the angle of the belt. 
The table support has a wide base giving 
better support to the cut on overhanging 
pieces. Roller bearings minimise the friction 
and are provided with felt wipers to protect 
the bearing surfaces from dirt or cuttings. 
The support is also placed further out than 
is usual on this class of shaper. ‘The ram is 
of arched form, giving maximum strength 
where most needed. The top surface is 
serrated in order to give a better grip to the 
bracket connected to the rocker arm. The 
swivelling tool head is firmly locked to the 
ram by bolts, four of which are used in the 
241п. machine. 

Selig, Sonnenthal & Co. also make a full 
line of standard shaping machines from 
84in. to 24in. stroke, radial and other drilling 
machines, lathes, &c., &c., at their new 
works in Coventry. 


----- 


THE DESIGN 


OF MOTOR STARTING 


RESISTANCES. 
PP 


HE advantages of the electric motor for 
driving machinery are now widely 
recognised, and the number of works 

electrically driven is rapidly increasing. An 
essential part of the equipment is the 
starting resistance, and although this piece 
of apparatus is of such importance it is only 
within the last few years that attention has 
been paid to its design, which previously was 
by rule-of-thumb, without any regard to the 
conditions under which it had to work. 

The starter is subject to various working 
conditions, and in the hands of ordinary 
workmen with little or no knowledge of 
electricity, unless it be properly designed, 
may easily cause serious trouble. 

Most of the starters now manufactured are 
fitted with the usual protective devices, viz., 
overload release and no-volt release, except 
in very large sizes, when the overload 
release is omitted and a separate circuit- 
breaker is used. A new type of starter has 
been patented in which the overload and 
no-volt release have been combined in one 
coil, which considerably simplifies the 
connections, makes the protection afforded 
by these more certain, and also lowers the 
cost of manufacture. Astheir name indicates 
these devices protect against overload and 
failure of supply, and also against any 
interference with the apparatus by un- 
authorised persons. 

Whilst these devices are necessary more 
attention must be paid to the material used 
and design of the resistance coils. 

The following notes may be taken as an 
indication of the lines upon which successful 
design depends. Most of the remarks upon 
the materials used and the coiling of wires 


are also applicable to all resistances, no 
matter for what purpose they are to be 
used. 

The metals and alloys most commonly 
used for resistance wires are galvanised iron, 
German silver, platinoid, and manganin, and 
some other alloys for which the makers claim 
some special advantage. 

The cost of these materials differs per lb. of 
wire of the same gauge, but the specific 
resistance also varies in about the same ratio, 
so that the higher the price the greater the 
resistance for a given quantity of the same 
gauge of wire. The result of this is that to 
obtain a given resistance the cost of the wire 
works out about the same for all materials. 

A material of low specific resistance, if 
used to obtain a fixed resistance, will require 
a longer length of wire than a material of 
high specific resistance. Long lengths of 
wire increase the cost of frame and coiling ; 
also it is usually desirable that the starter 
should occupy a minimum of space. 

Some materials, such as German silver, 
become crystallised and brittle, due to 
repeated heating, and eventually the coils 
give trouble by breaking off, whilst others, 
such as iron, become soft, causing the coil to 
collapse and thus short-circuit itself. 

Considering these points, it follows that 
any material, provided the price is not 
prohibitive, which (а) has a high specific 
resistance, and (0) is capable of withstanding 
the strains set up by alternate heating and 
cooling, will make the cheapest and most 
satisfactory job. In passing, it may be men- 
tioned that although horizontal coils are best 
for dissipating heat, most manufacturers use 
vertical coils on account of the lessened 
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liability of the coils making accidental 
contact with each other. 

Let us now consider the gauges of wire 
most suitable for resistance coils. Usually 
nothing smaller than .o22in. 24S.W.G. is 
used, because coils wound with such fine 
wires are mechanically weak, often breaking 
off at the joints. Coils are also affected by 
vibration, which often causes short circuits 
between adjacent coils. For heavy currents 
wires larger than .ібоіп. 8S.W.G. are very 
ditficult to coil, so that when a starter is to 
be used for heavy currents two or more coils 
are connected in parallel. 

With regard to the gauge of wire to be 
used for a given current, this varies with 
different makers. The wire must, of course, 
be of sufficient area that it will be able to 
carry the current for the length of time it 
will be in the circuit without undue overheat- 
ing. Practice varies in this respect, the rise 
in temperature allowed ranging from a few 
degrees above the temperature of the sur- 
rounding air to a temperature quite sufficient 
to discolour paper. No rule can be given 
for the size of wire or current density, as a 
great deal depends on the degree to which 
the convolutions of the spirals are separated 
from one another. With a fair spacing, how- 
ever, a current of about one-sixteenth of that 
required to melt the wire employed, accord- 
ing to the table of fusing currents determined 
by Mr. W. H. Preece, may be taken as 
reasonable. 

The following table gives approximately 
the resistance in ohms per yard and the 
current-carrying capacity of wires of different 
materials. 

In choosing the correct gauge of wire to 
be used for a given resistance, the current 
values given above may be doubled for a 
starting resistance, as these are only subjected 
to heating for short intervals. 

Platinoid and manganin require nearly 
double these values to raise them to blood 
heat when exposed to the atmosphere 
and held horizontally. We сап now 
easily determine what gauge of wire to 
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CERNAN SILVER. MANGANIN. PLATINOID. 


s.w.c. a | 
Ohms Сиг. | Ohms | Cur- | Ohms | Cur- 
per yd. rent. | per yd., rent. | per yd. | rent. 


е жн 


8 .0159 | 20.2 .0298 18.6 .0288 | 15.6 
9 .0196 | 15.9 .0368 | 15.1 0355 | 15.1 
IO .0248 ! 14.9 .0467 13.7 | .0450 | 13.7 
II .0303 13.3 .0568 | 12.4 .0547 12.4 
12 .0377 II.7 0707 10.6 .0682 10.6 
13 .0481 | 9.0 .0903 5.2 .0870 8.2 
14 .0637 | 7.4 1196 6.4 1154. 6.4 
15 .0786 5.8 1475 5.5 ‚1421 5.5 
16 .0995 5.3 .1862 4.8 .1803 4.8 
17 1300 4.2 2439 3.7 | :2349 | 3-7 
15 .1769 | 3-4 3320 3-0 3206 3.0 
19 .2548 | 2.6 4782 2.3 .4616 2.3 
20 3146 | 22 .5905 2.0 | 5699 2.0 
21 3992 | 1.7 7475 1.6 | 2213 т.б 
22 ‚5201 1.5 9762 1.3 .9422 1.3 
23 | .7079 1.2 | 1.328 Lt | 1.282 | Іл 
24 | .5435 I.0 Now scu қ NR та 1.581 9 1.526 | 9 


use for given values of resistance and 
current. 

After the gauge of wire to be used has 
been determined, the question of coiling 
arises. Mechanical reasons of stability 
make it necessary that different gauges of 
wire must be coiled into spirals of different 
diameters, lengths, and pitches, and this is 
also true in regard to dissipation of heat. 
Fine wires wound into large diameter spirals 
will simply collapse if placed vertically, and 
will sag if laid horizontally. Large wires, of 
course, cannot be coiled satisfactorily -nto 
small spirals; so it becomes necessary to 
determine the point where rigidity, heat 
radiation, and energy dissipation per unit of 
spiral length have their maximum value at 
the same time. This has been determined 
by experiment, resulting in these spirals 
being standardised, so that when the require- 
ments of resistance and current-carrying 
capacity are known, it is now only necessary 
to specify a certain length of some particular 
spiral. 
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The following figures give approximate 
particulars of these spirals, and are based on 
the pitch of the spiral being twice the 
diameter of the wire, except in the small 
sizes, where the pitch is slightly more. 


S.W.G. | Internal diameter. Approx. length. 
| 
8 | 1 inch. 27 inches. 
9, IO, II | а, 22 és 
12, 13, 14 | i . 18 T 
15, 16 | в 14 . 
17, 18, 19 | 4 4 II Я 
20—24 | NET 8 , 


We now come to the consideration of the 
resistance. In the case of a shunt-wound 
motor, if the armature at rest be connected 
direct to the mains, on account of the 
armature resistance being so small, by the 


E -e 


formula C =: , where Æ = voltage of 


supply, e = back e.m.f. of armature, A= 
Ra + Re, where Aa = armature resistance, 
and Же = external resistance, tne current 
will be very large, probably burning out the 
armature. 

The object of the motor starter is, there- 
fore, to put resistance in series with the 
armature, which must be gradually cut out 
as the speed increases. 

In starting a motor the field coils must 
first be connected directly across the mains. 
In a shunt motor with practically constant 
field, the torque is proportional to the arma- 
ture current, and by connecting the field 
magnet coils directly across the mains, this 
ensures a strong field in the air gap, with the 
result that a comparatively small current is 
required to produce the necessary torque or 
turning moment. The armature is then 
connected across the mains in series with a 
resistance of such magnitude that the initial 
current shall not be excessive. Ifthe motor 
be started under full load, the armature 
current must be at least equal to normal full- 
load current before the motor will start. 
The armature current is thus dependent 
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only on the torque of the load, which may be 
expressed as Z = £C, where 7 is the torque 
due to the load on the motor, and & is a 
constant depending on the field strength and 
armature winding. The real value of & 15 = 
.118 x field strength x number of 
armature conductors 
105, 

The back e.m.f, e, is proportional to the 
speed, and is expressed as ¢ = 


field strength x number of armature 
conductors x revolutions per second 


М 
то”, 


which simplified is e =u, where ^ = 
revolutions of armature per second. 


Now C = 2 therefore CR = Е-е 
Or LR = E — kn 
TR 
= lp -— 4 
Hence я = E/k p (1) 


that is to say, for a constant load producing 
a torque 7; each value of А has a correspond- 
ing speed at which the motor will run, and 
the larger the value of A, the lower will be 
the speed. 

Returning now to the starting of the 
motor under load, a starting resistance could 
be made, so that on the first step the 
current С= £[(Aa-- Же) is more than 
enough to just move the armature. The 
motor will then run up to some slow speed, 
determined by formula (1), the current 
gradually falling to its normal full-load value. 
The starter arm is now moved on to the next 
stop, suddenly cutting out a section of the 
resistance. The current rises to a value 
corresponding to the decreased resistance, 
but gradually decreases to its former value 
as the speed rises. "This is repeated until 
the whole of the starting resistance has been 
cut out, and the motor runs at its full speed, 
as given by formula 
п = Е – 2а 

p 
The resistance of the starter and the number 
of steps depends on the supply voltage, 
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armature resistance, and load. ‘The current- 
carrying capacity depends on the inertia of 
the motor armature, and the frequency of 
starting. 

Let us now consider the subdivision of 
the resistance. 

The starting conditions may be classified 
as follows:—(1) No load; (2) light load; 
(3) steady full load with little or no inertia ; 
(4) steady full load with great inertia. 

A definite decision must be made in the 
maximum current allowable at the start. 

At each step in the resistance the current 
rises to a maximum and then falls to a 
minimum value. In a properly designed 
starter these maxima and minima should be 
the same for every step. Let us decide that 
the current shall vary between 1.15 times, 
and twice the normal full-load current, as 
these are usually allowed in a full-load 
starter. ‘The total resistance on switching 
in should give nearly twice the full-load 
current, and can thus be easily calculated, 
viZ., 

Жа + Re= Е (2 х normal full-load 
current). 

How shall this resistance be divided ? 

Let the total resistance of the armature 
and the last step to be cut out be Aj, and the 
resistance alone 7, the next resistance step 
7, and the total resistance on this step œ, 
and so on. 

We then have 

К = Ка+=т; К, = Жаз» 4”ғ;; 
and so on until we reach the last step, when 
Rn = Ratri tr... +7, = Ra + 
Re, and л is the number of steps. 


maximum current І 
Let 8 = —.--.-.--- — ; this we have 
minimum current 


previously decided shall be 2.0,1.15 = 1.74. 


Then А Ra = К/К, =... An Rn-1= 
R R An 
; theref =! x -2 МОЕ ЗАЕВ 
В erefore Bu Ба 2, x y we 
"E б. 
Ka Ka 


nlogB = log 
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n = log (== = did / log В. 
Ka ; 

We thus obtain a value for z, and we 
should make the number of steps in our 
starter the next whole number larger than z. 

Proceeding, the resistance commences 
with Aa, and increases in geometrical pro- 
gression with the ratio B. Тһе values of the 
resistance steps then are as follows :— 


Ka; R,=1.74 Ka; A,-(1.74Y Ra; .... 
Ёл = (1.74) “Жа. 


In a similar way, if we wish to design a 
starter which will never allow the momentary 
starting current to exceed the normal full- 
load current by any other fixed amount, say, 
I.25 times or 1.5 times, we can proceed 


as follows :— 

eu) | os, 
where £ is the ratio of the maximum to the 
normal current, that is 1.25 times or 1.5 
times, or whatever value we may have 
decided on. 

Total resistance which must be in circuit 
on starting Ra + Re = EJB x normal full- 
load current. 

Proceeding as before, resistance again 
commences with a, and increases in geo- 
metrical progression with ratio f, and 
the steps are, therefore, Aa; A, = Ba; 
Ж» = (B)*Ra.... Rn = (В)" Ра. 

Perhaps an example will better illustrate 
these methods. We will, therefore, consider 
the case of a motor whose normal full-load 
current is 20amp., at доо volts, Aa being 
0.25 ohms. 

In the first case, the resistance is to allow 
from 1.15 times to twice the normal current. 


Number of steps, 2 = /vg 


Total resistance Ra + Re= Е ES MU 


2C 4o 
) | xB 


= loggo/logt.74 = 6.6. The number of 
steps will therefore be 7, this being the next 
largest whole number larger than the value 
of ^ from formula. 


Number of steps, я = bef = 
0.25 
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The resistances will then be :— 2777 
К, = 1.74 X .25 = 0.4350. 
R, = (174? x .25 = 0.7570. zomlined 
R, = (1.74 X .25 = 1.317. A holt and 
R, = (1.74)! X 85 = 2.2910. Rekase Coit 
№. = (1745 x .25 =  3.986o. * 
R, = (1.74) x .25 = 6.936w. 
№. = (174) x .25 = 12.068o. 
2. Ra + Ke = 12.068e, and resistance of  - 
the starter must be 12.068 — 0.25 = 11.818w. Е 
IG. 2. DIAGRAM OF CONNECTIONS OF NEW-TYPE 


The current on starting will be ager 
12.068 


33.1a mp. 
The total resistance of the starter must be 
sub-divided as follows :— 


Between Resistance. 
15 and 2nd stud 12.068 — 6.936 = 5.1320. 
2nd , 3rd , 6.936 - 3.986 = 2.950u. 
3rd „ 4th ,, 3.986 — 2.291 = 1.695». 
4th ,, 5th ,, 2.291 — 1.317 = .0.9740. 
sth „ 6th ,, 1.317 — 0.757 = 0.560w. 
6th „ 7th , 0.757 — 0.435 = 0.3220. 
7th , 8th ,, 0.435 — 0.25 = 0.1850. 


In the second case we will assume that 
the starting current must not exceed 1.5 
times the normal full-load current, B= 1.5. 
.". maximum current — I.5 x 20 — 3oamp. 

Resistance to give зоатр. at 400V. = 1340. 


Number of steps я = tog (C38) | log 1.5 = 9.8. 


+ 


Fic. 1 


DIAGRAM OF CONNECTIONS OF ORDINARY-TYPE 
STARTER 


STARTER. 
Next largest whole number = ro, and the 


resistances will be— 


Кү = 1.5 x.25 = .375w. 
R, = (1.5)? x .25 =  .562o. 
R} = (1.5)? x .25 = .843w. 
R, = (1.5)* x .25 = 1.2660. 
R. = (1.5)5 x .25 = 1.897. 
R = (t.5)8 x .25 = 2.8450. 
№. = (ng)? x .25 = 4.2670. 
К» = (r5)? x .25 = 6.4000. 
Ry = (r5)? x .25 = 9.600w, 
Жы = (r5) x .25 = 14.400w. 
.'. Ra+Re=14.4w, and resistance of 


the starter must be 14.4 — 0.25 = 14.150. 
The current on starting will be 400 = 
14.4 
27.7amp. 
The total resistance of the starter must be 
subdivided as follows :— 


Between Resistance. 
rst and 2nd stud 14.4 - 9.6 =4.8w. 
2nd „ зга , 9.6 —- 64 -32w. 
зга , 4th ,, 6.4 - 4.267 = 2.1330. 
4th ,, sth ,, 4.267 — 2.845 = 1.4220. 
sth , 6th ,, 2.845 — 1.897 =0.948u. 
6th „ 7th ,, 1.897 — 1.266 = 0.6310. 
7th ,, 8th ,, 1.266 — 0.843 0.4230. 
8th ,, 9th ,, 0.843 — 0.562 = 0.281«. 
oth „ roth ,, 0.562 — 0.375 = 0.1870. 
roth „ rith ,, 0.375 — 0.25 =0.125. 


The starter in the first case is designed 


on the assumption that on switching in the 
current is not more than twice the normal 
full-load current. 

As most motors are now started at any 
rate partly loaded, this design is the one 
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most suitable for general use, the second 
case being for use where the motor may be 
started up light, and where, if the first design 
be used, it would cause a very sudden start. 

Having now determined the resistance of 
each step, the next point is the size of 
resistance wire to use and the length 
necessary to give the required resistance, 
taking care to keep the temperature rise 
within the specified limits. This is obtained 
from table of resistances at the commence- 
ment of article. 

The time of starting generally assumed in 
designing a starter is about half a minute; 
anything requiring a longer time has to have 
special attention paid to the size of resistance 
wire used, so that it will carry the current 
for the specified time without causing 
excessive overheating. 

The resistance material of the larger steps 
can be overloaded more than that of 
the smaller ones. The overload allowed 
depends on the frequency of starting, the 
thermal capacity of the resistance, and the 
material — usually sand or asbestos — in 
direct contact with it. 

With regard to starter arm, this should be 
provided with a laminated contact, in order 
to obtain more uniform pressure on the 
studs. The area of any stud should be of 
such dimensions that the current density 
does not exceed about 20oamp. per square 
inch. 

The “ no-volt" release coil should be so 
proportioned that it will hold up the switch 
arm with the smallest field current taken by 
the motor, and adjusted to release when 
the motor speed has fallen to about quarter 
speed on the failure of the supply. 


Resistance 
Wires 


Fic. 3. FASTENING OF STUDS AND RESISTANCE WIRES. 
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a Split Pin 


Controlling 
Spring 


Controlling 
Spring Er 


FIG. 4. METHOD or FASTENING STARTER ARM AND 
SPINDLE. 


Many electricity works and supply 
companies who use a large number of 
starters in connection with their motor hire 
systems are now doing their own repairs, 
and in many cases this is in the hands of 
one of the assistants who has little or 
no knowledge of the design of starting 
resistances, and who, when a burnt-out 
starter is brought in for repairs, patches it up 
with resistance wires, which he thinks will 
do for the job, and the starter is sent out 
again, probably to the same place as before, 
only to meet with the same fate. This has 
resulted in quite a large number of manu- 
facturers not having any knowledge of 
electricity coming to regard electric driving 
as uncertain, and they have reverted to their 
former method of driving, which probably 
gave them some trouble, but which, by 
experience, they could themselves rectify. 
The author hopes that more attention will be 
paid to this work of repairing starters, and 
that these notes will be of service in this 
connection, as well as amongst the wider 
field of engineers by whom they are read. 

Jos. W. BESWICK. 


ELECTRIC FIRE-ENGINES. 
OD 


OTOR-DRIVEN vehicles have found 
employment in practically every 
industry, in the service of individuals 

as well as authorities. As their chief factor 
is speed, it was natural that fire departments 
should take advantage of this type of vehicle. 
Yet it is a fact that the introduction of the 
motor-vehicle for this purpose has not made 
any very great headway, and by far the 
majority of fire stations, both in this country 
and abroad, are still equipped only with 
horse-drawn engines and escapes. 

Probably the greatest drawback of self- 
driven cars is the uncertainty of their proper 
working. Naturally this is, for fire vehicles, 
a deciding factor; any appliance becomes 
useless if it cannot be depended upon with 
a full degree of certainty to reach the place 
of the fire as speedily as ever possible. 
Lately, motors for vchicles have been con- 
siderably improved, and it is now probable 
that their use for the above purpose will 
assume a wider extent. This is especially 
true with the electric motor cars which for 


Fic. 1. 


city use are the most reliable medium of 
transportation. They are, indeed, more 
reliable than horses, and, of course, their 
capacity and speed are greater. 

In numerous cities here and abroad 
electric fire vehicles are in use, but they are 
mostly experimental, and only at present 
supplement the horse teams. Greater Berlin, 
however, can boast of having a fire-station 
where no horses are employed at all, and 
only a few weeks ago another depót was 
opened also entirely electrically operated. 
As this latter is probably the most up-to-date 
fire-fighting institution of its kind, a brief 
description will not prove uninteresting. 

The fire-train consists of three cars, a 
chemical or gas-engine, a fire-escape or 
ladder, and the usual steam pumping engine. 
The first goes out first, and carries a full 
complement of the apparatus and tools 
required, and also twelve men. As a curious 
feature of this car it may be mentioned that 
the girders forming its frame are hollow 
tubes containing water for the first attack ; 


" “ 3 tw wil 
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NEW CHARLOTTENBURG FIRE STATION, SHOWING THE ELECTRIC MOTOR EQUIPMENT. 
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Fic. 2. THe ELECTRIC MOTOR STEAM FIRE-ENGINE. 


this is driven out by chemical pressure. The 
fire-escape or ladder consists of telescopic 
sections, which can slide one within the 
other. The raising and extension of the 
ladder is done by an electromotor taking its 
current from the vehicle battery. The steam 
fire-engine differs from the ordinary types in 
that the boiler gives up its steam only for 
the pumping engine, and not for propelling 
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the car. Thusthe ca- 
pacity of the former is 
increased. The boiler 
is fired with coke and 
coal during service, 
whilst when awaiting 
calls the water is kept 
constantly at 7odeg. C. 
by gas-heating. 

The propulsion of 
all the vehicles is done 
in the same way. Оп 
the chassis the bat- 
teries are mounted, 
having a capacity of 
about 
ampere-hours. They 
feed two electromotors 
mounted within the 
front wheel, assuring a most direct drive. 
There are five speeds forward, and two 
reverse. The charging of the batteries is 
done in the garage by taking the current 
from the municipal plant. This is an alter- 
nating current of 3000 volts, which has to be 
transformed in a special sub-station down to 
about 150-volt direct current. When the 
batteries are charged each car can run 


P5 


УУ, 


Fic. 3. THe ELECTRIC FiRE-ESCAPE. THE VEHICLE IS PROPELLED BY ELECTRIC POWER, AND THE LADDER IS ALSO 
EXTENDED BY ELECTRIC MOTOR. 
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continuously a distance of about twenty to 
twenty-five miles, which is far more than sufh- 
cient, as the average run from the station to 
the fire and return is about two to four miles. 
Thus a vehicle can go to several fires 
without re-charging. Provision is made 
so that charging can be interrupted at any 
moment, also that each car can be charged 
separately or all at one time. The wheels 
are fitted with solid rubber tyres, and 
during the time the vehicles are standing 
still, struts take up the weight from the 
tyres. 

The arrangement of the whole station is 
entirely up-to-date. All rooms for the men 
and the vehicles are on the ground floor, 
to ensure immediate turning out to an 
alarm. Although the initial cost for the 
electric equipment was much higher than 
for the horse-drawn cars, calculations have 
shown that the running expenses of the 
electric-motor vehicles are lower. 

Max BRÜNNER. 


< 


The Fixation of Nitrogen. 


ACCORDING to a note in “ L’Electricien” 
Dr. Schónherr of the Badische Anilin und 
Soda Fabrik has invented what promises 
to be an important improvement in the 
production of nitrates from the atmo- 
sphere by the electric process. As is 
well known the Birkeland-Eyde process 
consists essentially in blowing air over the 
surface of a high-tension alternating-current 
arc which is spread out to a sort of flat 
umbrella shape by the action of a powerful 
electro-magnet energized with continuous 
current. In passing over the arc the oxygen 
and the nitrogen of the air combine to form 
nitrogen oxide (МО), Dr. Schónherr's 
improvement consists in making one of the 
electrodes an iron rod, insulated from, but 
placed inside, an iron tube which forms 
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the other electrode. The iron rod terminates 
at some considerable distance down the iron 
tube. At the point where the rod ends, air 
is blown tangentially into the tube, and is 
forced out of the open end of the tube. 
On starting the current a short arc is formed 
between the insulated rod and the nearest 
point in the tube. As soon as the air supply 
is admitted this arc is blown along until 
it stretches the whole distance from the rod 
to the mouth of the tube. А portion of the 
air blown through is converted into nitrogen 
oxide, and owing to the rapid cooling 
effected by the external air, none of the 
compound is lost by dissociation due to the 
heat of the arc. 

The great advantage of this arrangement 
lies in the possibility of using ordinary iron 
for the electrodes, and the great regularity 
of its action ; besides which it does away 
with the necessity for an electro-magnet and 
saves the power consumed thereby. 

In a roooh.p. installation the arc attained 
a length of 7 metres (27ft. біп.), and the 
volume of air passing through the tube 
reached the high figure of ттоо cubic 
metres per hour. The escaping product con- 
tains from 14 times to twice as much of the 
compound as is produced in the Birkeland- 
Eyde process, and in addition the whole 
arrangement is electrically more efficient. 

Once the temperature of the compound 
has fallen below 60oodeg. C. it starts to take 
up more oxygen from the surrounding 
air, thus forming nitrogen peroxide, N,O,, 


. which can be used in the ordinary way for 


making nitric acid or calcium nitrate. А 
factory is being erected in Norway to exploit 
this invention, and in two years' time the 
installation will comprise ten 14,0ooh.p. 
turbines. The formation of calcium nitrate 
for fertilizing purposes is accomplished by 
blowing the nitrogen peroxide over lime, 
with which it combines. The process follows 
the equation CaO + N,O, = Caz(NO,). 


Сә? 


COMPARISON BETWEEN THE VALUE OF 
SURPLUS GAS FROM REGENERATOR BYE- 
PRODUCT COKE-OVENS AND STEAM 
PRODUCED BY THE WASTE HEAT FROM 
BYE-PRODUCT COKE-OVEN.$.* 


OD 


HE writer has often been asked 
which class of oven—the ordinary 
waste-heat type or the regenerator— 

should be put down ; and in order to obtain 

Mr. Evence Coppée’s views he enquired of 

that gentleman whether he eould supply any 

data on the subject. The result is that he 
has furnished the writer with the following 
notes for publication. 

The ironmaster who proposes to erect 
coke-ovens has to bear in mind two points: 
(1) the production of coke of the necessary 
quality and (2) its production in the requisite 
quantity to satisfy the demands of whatever 
number of blast furnaces he may have 
working. The production of coke is his 
first consideration, whilst that of bye-pro- 
ducts, although by no means one to be lost 
sight of, 15 of relatively secondary importance 
in his eyes. The question, therefore, which 
he asks himself is this: How shall I best 
proceed in order to obtain the necessary 
tonnage and quality of coke at the least cost? 

The colliery manager who has the erection 
of coke-ovens in view has small coal suitable 
for coking which he finds some difficulty in 
disposing of at a remunerative price. He 
therefore considers how he can best over- 
come this difficulty. His coal costs him a 
shillings, but if he transformed this coal into 
coke he might get a + 6 shillings by taking 
the value of the bye-products into account 
(in this primary calculation he usually forgets 


the value of the motive power) and he 
reasons somewhat as follows. Instead of 
selling my M tons of coal, I will make coke 
out of it, and my profit will amount to 2/0 
shillings. Having arrived at this point in 
his own mind his figure will be settled, and 
he will want to treat Af tons of coal. Thus 
from the ironmaster’s point of view as well 
as from that of the colliery manager the 
erection of coke-ovens is the result of either a 
tonnage of coke to be manufactured or a 
tonnage of coal to be treated. 

The following questions are put by each 
to the oven constructor :—I have to treat 
„М tons of coal per annum: what will the 
cost of coke-making be with that amount of 
coal? What process or what methods 
should I employ to reduce this cost to a 
minimum, in order that my installation should 
be kept down to the least amount possible ? 
That is, I want the best result (low cost of 
manufacture and lowest cost of installation). 
These are the two points which must be 
closely connected in order to satisty the 
business man of to-day. 

The problem to be faced may therefore be 
generally stated thus: How to carbonize Af 
tons of coal at the minimum cost. The 
solution varies with the varying circumstances 
which led up to the decision to carbonize 
these M tons of coal. 

First of all, are the bye-products to be 


* Abstract of paper read before the Institution of Mining Engineers, May 28, 1909. 


recovered or not? Ап elementary study 
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will speedily settle this question. What is 
the value of the bye-products in the country 
under consideration? To determine this 
the term “ bye-products" must be taken іп 
its most general sense—that is tar, ammonia, 
benzol, and steam or gas. In Great Brita‘n 
the question will practically always be 
decided in favour of recovery of bye-products ; 
so that the form of ovens to be adopted will 
be *bye-product " ovens. 

But “ bye@product” ovens are of two 
sorts—one which provides steam and the 
other which furnishes gas. Which then is 
it to be? Both sorts, namely, waste heat 
and regenerator ovens, are similar so far as 
their products are concerned—that is, as 
regards coke, the output, quality, labour, 
&c.; and as regards bye-products, tar, 
ammonia, benzol, &c., are also practically the 
same in both types. The first named. will 
furnish steam, the value of which per ton 
of coke produced may be called v; the 
second type will provide gas, the value of 
which per ton of coke produced may be 
called e. Тһе cost of the manufacture of 
coke will differ in each of the two as regards 
upkeep of the ovens and amortization of the 
capital cost. 

If the cost of coke-making in the ordinary 
waste-heat bye-product ovens be taken as 
Pf, and in the case of regenerator bye- 
product ovens as Z, then Pf=c (cost of 
coal per ton of coke) +/ (cost of manu- 
facture) +e (cost of upkeep) +4 (general 
expenses) +a (amortization of capital) ~ s 
(value of tar, ammonia, and benzol)- v 
(value of steam); and Pr=et+ftethAta’ 
-s ~- g (value of gas). The surplus gas, as 
well as the waste-heat gas, are taken at the 
outlet of the oven plant. 

The difference between these two costs 
can be stated thus :—/’ - Pf=(a' -a)- 
(y-7) If Pp-LF works out as plus, 
regenerator ovens will be employed; but if 
Lp- Pf works out as minus, waste-heat 
ovens will be used. The problem then 
resolves itself into a study of the following :—— 
(1) The relative value of each system of 
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ovens from the point of view of amortization 
and upkeep; and (2) the relative value of 
steam and gas. The writer will now con- 
sider these two questions under their 
respective headings, namely :— 

(1) IWaste-heat and Regenerator Ovens.— 
In order to judge of the relative value of 
each kind of oven as regards the working 
cost, the writer has stated that the labour 
of manufacturing coke and bye-products, 
the various initial expenses, and general 
expenses come to the same in both types. 
The following questions must then be con- 
sidered :— (а) the cost of the installation 
(and its amortization) ; and (0) the upkeep. 

As regards (a), it may be admitted with- 
out any great probability of mistake that 
regenerator ovens cost, for a given tonnage, 
about 25 per cent. more than waste-heat 
ovens—that is, counting only the ovens and 
chimney and exclusive of the boilers and, of 
course, the bye-product plant. 

To put it again in the shape of a formula, 
if the cost of the waste-heat ovens alone — 
P, that of regenerator ovens will be 1.25 2. 
The cost of the bye-product plant being U, 
and that of the preparation of coal for the 
ovens G, the total cost will be P+ U+G 
and 1.25 P+ U+ С respectively. 

The problem may also be considered in 
order to see how the amortization will work 
out. For this purpose, the same formula, 
P and 1.25 / respectively for the two types 
of ovens will be retained. With a little 
reflection it is evident that, in view of the 
increased amount of heat which is found in 
the regenerator ovens, and therefore more 
rapid wear and tear, a bigher rate of amorti- 
zation must be provided for than in the case 
of waste-heat ovens. If the latter be 
amortized in 12 years, the regenerator ovens 
should be amortized in 9 years. It will, 
therefore, counting interest at 4 рег cent. 
work out according to redemption tables as 
follows :—For waste-heat ovens, 0.1065 2; 
for regenerator ovens, 0.1344 X 1.25 2. 

By dividing these sums by the annual 
coke tonnage, the cost of coke-making in 
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each type of oven will be obtained from the 
point of view of amortization. The above 
represents annually a difference of (0.1344 
x 1.25 — 0.1065) Р-о.об Р, or 6 per cent. 
of the capital for the erection of waste-heat 
ovens. 

As regards (0), it may be considered that 
the cost of upkeep, seeing that regenerators 
are amortized more quickly, is the same in 
both types of ovens. 

(2) Zhe Relative Value of Steam and Gas. 
—lIn dealing with this question it must be 
first of all stated that it is here that the 
special conditions under which a plant has 
to be erected chiefly come into consideration. 
Has the prospective client need of all the 
motive power which regenerator ovens are 
capable of producing? If he does not need 
it all himself, can he sell a portion of it? 
Or will he be satisfied with only a part of the 
available amount. 

What, in short, is the horse-power or the 
kilowatt-hour worth to him, after the amount 
which he has at his disposal passes a certain 
limit? It may be taken for granted that as 
a general rule he will claim the maximum 
power, and so be enabled to diminish the 
number of boilers he has to feed. 

Under these conditions it is not difficult 
to ascertain what the battery will furnish in 
both cases ; and in order to arrive at these 
figures each of the following questions will 
have to be considered :— 


(1) What is the steam worth which is 
produced by boilers fed by coal cosung 
a shillings per ton, a being the average price 
in any one district paid for boiler coal. 

(2) What power can be produced by a 
steam-generating station; what will be the 
cost per kilowatt-hour in the case of waste- 
heat ovens; and what will the power be 
worth per annum, calculated on the value of 
the ton of steam as in (1)? 


(3) What is the value of the fuel in 
kilowatt cost ? 


(4) What power can be obtained from 
regenerator ovens in a gas-generating station, 
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and what will be the cost of the kilowatt- 
hour? 

With the necessary data for these different 
items, one is then able to calculate (a) the 
value per annum of V, the motive power pro- 
duced by waste-heat ovens, and (4) the value 
per annum of V’, the motive power produced 
by the gas from generator ovens. 

The value of V’ — V divided by the 
tonnage of coke per annum will give the 
amount saved in the cost per ton of coke. 
In order to determine these various items 
one must first know : (1) the cost of erecting 
a steam-generating station, and (2) the cost 
of a gas-generating station, including in both 
all accessories, such as boilers in the former, 
and purifiers, gasholders, &c., in the latter ; 
and in both cases the cost of working the 
plant. The upshot of the foregoing is that 
the cost of coke-making in regenerator ovens 
is encumbered, in comparison with waste- 
heat ovens, with an annual manufacture of 
365 x JV tons of coke, or 

ооб P- (V' - V) 


222-365 X N 

If this amount is minus, the regenerator 
type of oven is to be commended. 

By way of illustration, the writer takes the 
case of one of Mr. Coppée’s plants at Res- 
saix, in Belgium, where both systems are 
working simultaneously and using the same 
coal. 

The waste-heat ovens, thirty in number, in 
this case cost approximately £24,000, and 
the thirty regenerators 25 per cent. more. 
The amount of coke produced in each case 
amounts to 4.75 tons per diem per oven, or 
52,000 tons per annum. From the waste- 
heat ovens 730b.h.p. is obtained from the 
steam, while from the gas of the regenerator 
ovens the b.h.p. amounts to 2000. 

This 73ob.h.p. is equivalent to 16 tons ot 
coal per diem, which at, say, 5s. per ton, 
represents £4, and putting labour in con- 
nection therewith at бі, a value of £5 per 
diem is arrived at, or £1825 per annum. 

The 2ooob.h.p. therefore represents 
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1825 x 2000 
73° 
the above figures a represents 8.42d. per ton 
of coke and a’ 15. rod., whilst the cost of 
amortization of the ovens is 9.48d. for a, and 
15. 6.64. for а” per ton of coke. Thus bear- 
ing in mind that the amortization of a plant 
is a negative quantity and the value of steam 
and gas a positive one, the net saving with 
gas per ton of coke amounts, according to 
the following formula, to Pp- 7/ —(a' —a) 
—(g—v)=(1s. 6.6d. ~ 9.48d.) – (1s. тоа. - 
8.42d.) = 15. 1.584. - g.12d. = 4.46d., the 
total value per ton of coke in favour of a 

gas-generating station. 

The author may here state that the Belgian 
coking coal is as a rule considerably lower in 
volatile matter than English coal, and in the 
above case contains 19 per cent. of volatile 
matter. On the other hand, the coal charged 
into the ovens is considerably dryer, as the 
small fine duff is extracted before washing, 
and is mixed with the washed coal going to 
the ovens. MANSFELDT Н. Мия. 


‚ or £5000 per annum. From 


<> 


Improted Time Limit 
Relay. 


AN improved form of alternating-current 
relay is described in a recent number of 
* L'Electricien.^ This relay is of the 
wattmeter type with a differential arrange- 
ment of the timing disc. Both the time 
setting and the turning moment of the 
armature disc are adjustable by means of a 
key. The adjustment is made without 
opening the instrument, and can be done 
while the instrument is actually in use. In 
the accompanying figure 4 is an alternating- 
current electro-magnet with screen Æ. The 
magnet causes the disc S to rotate, and in 
so doing winds the cord Æ on the drum 7, 
thus rotating the cam-shaped disc C against 
the action of a spring V. The shape of 
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the disc C is designed so as to compensate 
for the increasing tension of the spring, thus 
securing uniform rotation. As the disc C is 
rotated, the pin Z is brought round till it 
strikes the spring contact 2, and so breaks 
or makes the contact BE, thus actuating 
the trip coils of the circuit-breaker. The 
pin Z can be adjusted along the circum- 
ference of a circle A so as to make the time 
constant greater or less, and the effect of the 
main current can be enhanced or reduced 
by rotating the electro-magnet 4 about the 
centre AM. D is а permanent brake magnet 
of the usual type. With an instrument of 
this type even a heavy short circuit will not 
cause instantaneous action. If, therefore, 
immediate action is desired, a special device 
is added, room being left for it in the case 
of the standard instrument. The magnet 
for this instantaneous circuit-breaker may be 
energized by the main current from a current 
transformer or from an independent source. 
In the latter case the current should not 
vary greatly even with heavy short circuits. 
These relays are wound for a current of 


gamp. 
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POWER TRANSMISSION BY CHAINS. 
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which аге at the present time but 

little understood by the majority of 
engineers. They are capable of wide appli- 
cation and comparatively recently much 
extension may have been noted. Much 
excellent work has been accomplished by 
Messrs. Hans Renold, Ltd , of Manchester, 
and the author is indebted to this firm for a 
considerable amount of information on the 
at present little known subject. 

To briefly enumerate the advantages of 
chain driving it may be said that it is positive 
and its efficiency is very high and constant. 
No tension is required to make the chains 
grip their sprockets. There is an entire 
absence of slip, the minimum of journal 
friction, and a more economical use of power 
than with any other mechanical drive. Chain 
drives can be applied in cramped or awkward 
positions occupying little space. They give 
efficient service at centre distances too short 
for belts and too long for gearing, and are 
quite satisfactory in hot or damp positions. 


C» drives possess many advantages 


b A 
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RENOLD PATENT SILENT CHAINS WITH HARDENED STEEL LINERS, 


They are capable of wide application to many 
and varied classes of drive. 

In the latter respect, however, it should be 
stated that several factors determine the best 
size and type of chain to be used, among 
which are: the nature of the drive, whether 
the load is steady or fluctuating ; the speed 
required ; and the power to be transmitted. 

The before-mentioned firm are makers of 
three chief types of chains, illustrated at 
Figs. т and 2. Fig. т shows a Renold 
patent silent chain with hardened steel 
liners. The permissible speed of this chain is 
up to 1250ft. per minute, and even higher 
when special precautions are observed with 
respect to oiling or where extra durability is 
not a point of first importance. This type of 
chain can be made in sizes to transmit from 
]h.p. to sooh.p. Another type is the bush 
roller chain. Its speeds are from 4ooft. 
to 9ooft. per minute and the power capable 
of being transmitted on this type of chain is 
]h.p. to 2ooh.p. Fig. 2 shows the type 
known as the solid steel block chain. The 
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permissible speed 
is from 2ooft. to 
Sooft. per minute 
and power trans- 
mitted from }h.p. 
to rooh.p. 

The Renold 
patent silent chain 
has now been tho- 
roughly tested and 
has been proved 
to be extremely 
reliable. The 
illustration, Fig. 3, 
clearly illustrates the principle of the 
chain gearing. The chief characteristic 
of the silent chain gear is that the correct 
relation is maintained between the pitch 
of the chain and the virtual pitch of the 
sprocket teeth. As the chain wears it rises 
automatically on the sprocket to compensate 
for its lengthened pitch, as shown in Fig. 3. 
This automatic rising is due entirely to the 
special link and tooth form employed. 
Although this alteration takes place as the 
chain becomes worn, it will be noticed on 
inspection of the diagram that the links 
still engage as correctly with the teeth with 
which they are in contact as they do when 
the chain is new and unworn. Ву reason 
of this the load is distributed over all 
the links equally. Fig. 3 is a diagram 
showing the chain leaving or entering the 


t 


7. 


Fic. 2. 


DIAGRAM 


OF 
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RENOLD боло STEEL BLock CHAINS. 


wheel. It will be observed that when 
entering the wheel the links do not drop 
directly on to the teeth, but approach them 
at an acute angle. They come in contact, 
however, without sliding action. Another 
advantage is that each link, while in contact 
with its tooth, retains in general the position 
it first assumes. 

Chains have a considerable working life, 
and generally it may be said that seldom 
is a driving chain not strong enough for the 
work it has to do, and it will usually wear 
out of pitch with the wheel teeth before 
it breaks. Naturally it is desirable that such 
a condition should be postponed as long as 
is possible, and therefore a size of chain 
should be selected which will ensure this. 
The life of a driving chain depends almost 
absolutely on the amount of pressure per 


CHAIN LEAVING OR ENTERING THE WHEEL 


IT WILL BE NOTICED THAT THERE IS NO SLIDING MOTION. 


Fic. 3. 
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CoMPLETE SPRING SPROCKET. 


FiG. 4. 


square inch of wearing surface, f.e., on the 
rivet bearings. Naturally it is of course 
influenced by the hardness and general 
quality of finish of such bearings. Both the 
wearing surface and the strength of a chain 
are governed by the rivet diameter, and 
therefore it is customary to select a chain by 
its strength, instead of calculating the rivet 
bearing surface. Messrs. Hans Renold state 
that to obtain a sufficiently durable chain the 
ratio between the pull and the breaking load 
should be, for :— 


Silent chain ій ne una 
Roller chain ira "m e 
Block chain ids ы” ЕЛЕ 


As will be readily under- 
stood the factor varies to 
some extent with the speed ; 
for instance, with the silent 
chain a factor of, say, 20 
would be sufficient for good 
conditions, and a 
speed of only 
Sooft. per minute, 
and for carrier 
work in the block 
chain the factor 
is often only s. 
An important con- 
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sideration is that a chain well above its: 
work is more economical than one below it ; 
therefore it is advisable to use a larger 
factor in severe cases where the load is 
irregular or impulsive. ` 

In Figs. 4, 5, and 6 views of spring 
cushion sprockets are shown. Foran irregular 
drive this type of sprocket is strongly 
recommended. It will be observed that 
the springs are interposed between the rim 
and the boss of the wheel. Any fluctuations 
of the load are thus absorbed, and injury to 
the chain is obviated. 

It is not desirable to employ higher ratios 
between driven and driver sprockets than 
the following :— 


Silent chain... m E 
Roller and block types 177% 


Тһе maximum and minimum number of 
teeth advisable are :— 


Silent 15 and 9o 
Roller "m se S 4 76 
Block т "т 6: 4, Go 


The distance between the sprocket centres 
should not be less than 14 times the 
diameter of the large sprocket or greater 
than from roft. to 12ft. for heavier drives. 
With equal wheels it is a simple matter to 
reckon the number of pitches in a chain. 
The following formula is for unequal wheels : 


SPROCKET WITH COVER OFF. 
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ee et 
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=chain length in 
pitches. 


C = centre dis- 
tance in pitches. 

N = number of 
teeth in large 
wheel. 


п = number of 
teeth in. small 
wheel. 


The tooth form < қ шығ 7 
adopted by Ж we eA ыы he ИАН" 
Messrs. Hans Re- : 
nold, Ltd., for 
roler and block 


Fic. 6. THE THREE PARTS OF THE SPROCKET. 


chains is based on the geometrical line con- Pitch 

struction with pitch and chain parts as the 2 үү 

basis. The tooth gap is then modified to give Pitch diam. x 

a little clearance for the block or roller, and 2 

the diameter of the driven wheel is enlarged " Pitch қ 
slightly beyond the * theoretical diameter." PEGI WII = Sina талы 
These modifications allow for the wear of Bottom diam. — pitch diam. — roller diam. 
the chain and ensure the best average drive (For driven wheel.) 

throughout its life. Top diameter — addition to pitch diam. 


measured from enlarged drawing of 
tooth form. 


Dottom diameter of driver wheel is made 
slightly greater than that of the driven wheel. 


8 


L q 
PISA 


e % - | BOTTOM DIAM 
Fi5, 7. "X | 
The following are the formula for obtain- | | 
ing the wheel diameters, Fig 7 :— | PITCH DIAM 
180 | o 
N = number of teeth. — = A | 
N Fic. 8. 
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L 
1 = 
d Sin B 


The pitch of 
“ Renold ” silent 
chain wheels is 
approximately at 
the top of the 
teeth. Thistype 
of chain resem- 
bles the roller in 
having one joint 
per pitch, and 
the diameters of 
its sprockets are 
obtained in 
the same way. 


Fic. 9. i 
By BELT MACHINE. ik: By CHAIN MACHINE. (Fig. 10.) 
This is to allow for chain stretching so as to F 
obtain the best average drive throughout the ЕЕ V Sin 180 
life of the chain. poo! N 
The differences between the tabulated 2 
“R” and ** WV” diameters have been found т «= Po р С, т8о 
by experiment to give the best results. a T" 100 7 "S Se / 
N = number of teeth. Уу 
= block head. (Fig. 8) rE 42. 
В = block pitch. U = the + or - difference between 
= drilling pitch + (drilled hole pitch diam. and top diam. 
size — stud diam.). iV = number of teeth. 
L = link pitch. P = chain pitch. 
Рі- pitch diam. | 
Bottom diam. = /! — A for driven Cher 
wheel. Ж É 
ef) uw JT qe C for Ж! AA: 
driver wheel (C vary- PX 
ing with wear ex- ZA \ y 
V ЖЖС 
pected, &c.). W ^ 
Top diam. = 2! + amount measured A QN 
from enlarged draw "i N 
| ged draw- ёё 
ing of tooth form. s 
180° E? 
a = N \ 
= Sina | 


Tan B=") + Cos a 


Figs 19. 


bigitized » Google 
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D = pitch diam. 


A = top diam. 
ө - 360 @ _ 180 
N 2 N 


For any number of teeth the difference 
* U” depends directly upon the pitch 
diameter and the cutter position in relation 
to the setting gauge. This difference was 
obtained graphically from a tooth construc- 
tion based upon the highest and lowest 
numbers of teeth cut by each cutter and the 
form of same. 

As compared with belt driving, chain 
driving possesses considerable advantages, 
especially when applied to machine tools. 
A series of experiments have recently been 
carried out which prove conclusively that 
chain driving is far superior for such class 
of machines. In the first place it has been 
found through records of production extend- 
ing over two years that the output is 
increased by over 20 per cent. During a 
specific trial lasting 138 hours there were 
obtained from : 

A chain-driven 


machine 3074 
rollers. 
A belt- driven 
machine 2485 
rollers. 


Difference of 
output 58ọ rollers, 
or 23] per cent. 
in favour of the 
chain-driven ma- 
chine. 

The work done 
was found to be 
superior on the 
chain-driven ma- 
chine. The illus- 
tration Fig. 9 
shows this clearly. 
It will be noticed 
that the cutting- 
off on the chain 
machine shows a 
smooth, steady Rio. 4%: 
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action, the tool doing its appointed work 
unflinchingly at every part of the revolving 
rod— no more, no less. The cutting-off on 
the belt machine is entirely different. ‘The 
surface looks torn rather than cut. 

Only 25 per cent. of drill length was 
employed on the chain-driven machine. 

The length of drill used in the 138 hours 
trial was :— 


Inches. Per cent. 
On the belt machine .. 6 100 
ж. c АШ. Ln sv 48 23 


The drilling was done at the following 


speeds : 


Speed at circumference 
Р Feed per rev. 


of iin. drill. 
Belt machine — 93.75ft. .00281п. 
Chain machine 56.251. .0046in 


It was proved that one operator could 
attend to six chain-driven machines as 


against two belt-driven, this being in the 
main due to the fact that less grinding was 
requisite for the chain-driven machines than 
for the belt driven. 
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LARGE PORTABLE PUNCHING MACHINF. 
LEEDS. 


Fic. 12. 


Other advantages shown were that the 
wear and tear of the spindle and counter- 
shaft bearings is considerably reduced, and 
the alignment of the spindle and the turret 
head left undisturbed when chain driving 
was employed. Larger and heavier work 
than is possible on belt machines can be 
done very satisfactorily on chain machines ; 
the power to drive is 20 per cent. less, 
although the production is fully 20 per cent. 
higher than on the belt-driven machine. 

As already stated, chain drives are being 
largely adopted in all branches of industry. 
The following particulars and illustrations of 
different types of drive will probably be 
found interesting. 

Calendering machines are frequently driven 
by silent chains from the jackshaft to clutch 
sprockets, there being many examples of 
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the five-roller type and 
six-roller type driven in 
this manner. It is 
particularly desirable 
that calendering ma- 
chines should be run 
steadily and uniformly 
to produce the best 
effect upon the face of 
the fabric, and it would 
appear that chain driv- 
ing is extremely suitable 
for the purpose. The 
pitch of the chains em- 
ployed is 1.75in., width 
6in. speed 1230ft. per 
minute, power per calen- 
der goh.p. 

In Fig. 11 a spring 
wheel drive on a three- 
throw Edwards air- 
pump is shown. A 
spring sprocket is used 
for drives of this charac- 
ter where the load is 
pulsating. Powerful 
springs, acting under 
compression betweenthe 
sprocket boss and the 
rim, absorb irregularities of load. The chain 
is therefore protected from the pulsations 
which have a tendency to shake it to pieces, 
and the armature of the electric motor also 
benefits materially. If the springs are 
properly adjusted, the chain runs quite 
smoothly. 

In Fig. 12 a large portable punching 
machine is shown. As will be seen, the 
machine is driven by a silent chain from an 
electric motor to the second motion shaft, 
which is provided with a large and heavy 
fly wheel. 

In Fig. 13 a lineshaft driven from an 
electric motor fixed on brackets in the wall 
in a more or less confined space or corner 
is shown. It is to be noticed that the large 
sprockets are usually placed above the small 
ones. This is a favourable condition, as the 
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weight of the chain 
hangs on the large 
sprocket, and the 
chain and small wheel 
last appreciably longer. 

A special type of 
chain has been devised 
for employment in con- 
nection with carding 
engines. In Fig. 14, 
below, a carding en- 
gine with the chain 
applied is shown. 
Two chains of the 
samelengthand exactly 
equal in pitch аге 


СА 


ok 
v 


Á- 


б oo ч 
2; Ж% 


эк 


employed to carry the 
revolving flats. It is 
highly essential that 
such flats should move 
forward regularly and 
uniformly to produce 
good carding. ‘The 
chains employed are 
joined up endless and 
the ends of the flats 
or rods are fitted by 


d 


| 


screws to the 
hollow bushes 
in the chains in 
such a way as 
to form a con- 
tinuous lattice. 
The purpose of 
the flats, which 
are covered 
with wire teeth 
or clothing, 1s 
to card or comb 
thecotton fibres 
as they pass be- 
tween them on 
the surface of 
the cylinder. 

In the heavier 
types of looms 


қ inc 1 
Fic. 14. REVOLVING Frar CarRDING ENGINE. Messrs. Оовѕом & BarLow, LTD. chains should 
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be most useful. For in- 
stance a blockchain forms 
part of the motion for 
operating the shuttle 
boxes of a Hutchinson 
and Knowles loom, in 
which case, by the use 
of the chain drive, a 
compound system of 
levers and connections is avoided. Бу 
adopting two lengths of chain, joined by a 
special link, is secured a reciprocating 
motion, which is transmitted from one shaft 
to another at right angles to it in a very 
simple way. 

Chains are now being largely used on 
printing machines. They are employed in 
such machines for the following purposes :— 

For driving the machines from electric 
motors, &c.; for obtaining reciprocating 
motions in the machines themselves; for 
replacing the cross shaft and two pairs of 
bevels where one shaft has to be driven from 
another parallel to it (this is done very 
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HoLLow CENTRE OR ‘ FLAT” CHAIN. 


simply by mounting sprockets on the shafts 
and connecting them by a chain); as 
carriers and feeders: Chains for this purpose 
in particular demand very fine and accurate 
workmanship. 

Enough has been shown to prove the 
claims made for chain driving. Its efficiency 
is certain, its durability has been sufficiently 
proved to warrant its considerable employ- 
ment. It can be employed in nearly every 
case in which belts are now used, and with 
considerably better results. Undoubtedly 
we shall see considerable increase in chain 
driving in the near future. 

FRANK NASMITH. 


IMPROVED STERN FRAME. 
OD 


PATENT has been taken out recently 
by Mr. Arthur A. Fownes, the 
managing director of the Fownes 

Forge and Engineering Company, Limited, 
of Tyne Dock, relating to the building of a 
weldless stern frame for iron and steel ships. 
The originality of this novel design lies in 


FIG. 1; 


GENERAL VIEW OF THE FcwNES STERN FRAME 
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the fact that the stern frame is built together 
without any weld in its construction. It is 
forged in three separate pieces, and their 
arrangement is shown in the line drawing, 
Fig. 2. There is a scarph joint below the 
boss, and above at the archway instead 
of the ordinary weld, the back post is turned 
truly circular іп the 
lathe from a point 
just below the arch, 
and the circular sec- 
tion extends right 
down toits base. It 
has no weld in the 
back post, and the 
base is shrunk into 
the bottom pieceheel. 
The gudgeons are all 
machined and аге 
portable, and in ad- 
dition to being keyed 
they are shrunk on 
to the circular back 
post. 

This patent stern 
frame offers very valu- 
able facilitiesforrapid 
repair. In the event 
of damage a new 
bottom piece, which 
is usually the first to 
suffer under such cir- 
cumstances, can be 
fitted under the 
Fownes' patent with- 
out it being necessary 
to cut the entire stern 
frame out of the ship 
and send it to the 
forge. In a similar 
manner the back post 
or any of the portable 
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Fic. 2. THe Fownes STERN FRAME. ALL SHRUNK JOINTS SHOWN BLACK. 


gudgeons may be displaced without disturb- can be much more expeditiously manufac- 
ing the boss piece in the vessel. There is tured than the older type, because the 
also the consideration, which is the main various parts can be distributed simultane- 
object of the design, that the entire frame ously during the course of manufacture over 
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the necessary machines. It therefore follows 
that the important features of cheap produc- 
tion, namely continuity of machine work on 
the parts, can be maintained until they are 
finally completed for building together. 

Mr. Fownes introduces by his patent the 
method of shrinkage in stern frame building 
as against the older and rather slower 
method of welding ; the object, therefore, of 
the design is to supply an important article 
of marine manufacture possessing the re- 
quired stability to withstand the great strain 
which forgings are put to in our large ships 
of to-day, whilst entirely complying with that 
ever - increasing modern demand in the 
direction of rapid dispatch. That this object 
has been attained may be shown by the fact 
that the design has been approved by the 
various classification societies under which 
forgings for marine use are made. 

Fig. т illustrates the first stern frame 
which was made under this patent, and 
which was the object of inspection by a 
considerable number of gentlemen interested 
in shipbuilding and marine architecture, in 
a visit some few months ago to the Fownes 
Forge. The originality of the design at- 
tracted considerable attention and interest, 
and it was generally felt not only that quite 
a new departure had been made in the 
method of stern frame building, but also 
that the Fownes patent would considerably 
affect the methods of ship repair of the 
future. 


<> 


Floating Electric Charging 
Plant. 


ALTHOUGH electricity has several decided 
advantages as a power for launches and 
yachts, such as entire freedom from danger 
of fire or explosion and absence of noise, 
heat, vibration, smoke and foul odour, it 
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Is subject to the limitation that any long- 
distance cruising is impracticable unless 
charging facilities can be found at intervals 
along the route. 

With a view to overcoming this objection, 
an electric charging launch has been intro- 
duced. The first vessel of this kind is now 
afloat and it is expected that it will solve the 
question of the use of electricity in large 
yachts, since it can be operated at full power 
for 100 hours on one filling of the petrol 
tank, thus enabling the yacht to make a trip 
of 2000 miles before either craft would have 
to enter port. With the recharging launch 
as an auxiliary, the yacht is not dependent 
upon electricity ashore for charging her 
batteries. The power launch is 35ft. long, oft. 
beam and 2ft. draught. The steering wheel 
is located on the after deck, together with 
engine control devices which enable one 
man to steer the boat and manage the 
engine. The electric power equipment 
consists of a  4oh.p., six-cylinder petrol 
engine, with mechanical reversing gear 
connected to the propeller shaft. A 3okw. 
dynamo is direct connected to the crank- 
shaft at the forward end of the engine. A 
slate switchboard is fixed on the port side 
of the cabin, with the necessary instruments 
and switches for connecting the dynamo 
with the batteries of the electric yacht. The 
dynamo 15 so arranged that current can be 
generated while the boat is lying at anchor 
or when under way. The plant has 
sufficient capacity for recharging the yacht's 
batteries in three or four hours. ‘The 
charging launch has a speed under her 
petrol engine power of nine miles an hour 
and carries доо gall. of fuel, on which she 
can be operated for 100 hours and recharge 
the yacht ten or twelve times. On one 
charge of her batteries the yacht can run 
200 miles, and in connection with the 
auxiliary launch her radius is unlimited. 
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HOW HOT WATER ASSISTS FIRE. 
OD 


T seems almost paradoxical that the most 
largely used agent for quenching a fire 
is made up of two elements either of 

which wili burn vigorously in an atmosphere 
composed of the other. The ancients of 


NATIVE THIBETAN STEAM FIRE-BLOWER. 


Fic, 1. 


European history believed that water and 
fire were in themselves two elements utterly 
opposed to one another; the former was 
used to extinguish the latter, and the latter 
was able to dissipate the former. It was not 
until comparatively recent years that the fact 
was recognised that water could, under 
certain conditions, be utilised to assist the 
production of flame, or, to put the matter in 
modern parlance, that it could be dissociated 


into its elementary constituents in order to 
maintain and augment combustion. 
Nevertheless, to other races of mankind 
this somewhat uncommon use of steam has 
been known for quitea long time. The first 
illustration comes from a land which was till 
quite recently unknown. Until Sven Hedin 
and Younghusband had opened up the in 
terior of Thibet we were in utter ignorance 
of the degree of civilisation of its inhabitants, 
and now that the secrets of the land of the 
Lama are being revealed we are astonished at 
the evidences of ancient civilisation which 
are being discovered. The illustration of an 
ingenious method of blowing a fire shows 
that the Thibetans have long had a knowledge 
at any rate of one use of steam. The vessel 
shown, which is rs]in. in circumference at 
the base, Sin. in height, and 4}in. from the 
tip to the crest of the spout, and which has 
no other aperture than the beak of the bird 
represented, is first heated by placing it near 
to the fire in order to expand the air within 
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it and expel a large 
proportion. The 
spout is then dipped 
under the surface of 
water, and as the air 
cools and contracts, 
the water is drawn 
into the interior. 
When the blower is 
required, it is placed 
on the newly kindled 
ornearly extinguished 
fire of cow-dung or 
yak-dung. Steam is 
soon generated, and 
coming out of the 
spout in the form of 
a jet it quickly blows 
up the fire to brisk 
incandescence. ‘The 
vessel illustrated, 
whichis exceptionally 
ornamental and of 
the standard used by 
the Thibetans of 
large influence or 
wealth, is made from 
an alloy consisting 
chiefly of copper. 
The particular ex- 
ampleshown happens 
to be in the shape of 
a bird, but the forms 
taken by this article 
range over a wide variety of shapes. Тһе 
average poorer Thibetan carries a much 
smaller and plainer article, and in his 
journeys he often carries some of his fuel in 
a state of smouldering combustion in a metal 
pot, only the application of the blower being 
needed at any time to raise a fire. 

It remained, however, to the nineteenth 
century to develop this principle into scien- 
tic accuracy, and we are indebted to the 
scientific researches of Korting, а 5сап- 
dinavian, and Meldrum, an Englishman, for 
the application of jets of steam for forcing 
the operations of boiler fires. The second 
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REFUSE DESTRUCTORS. 


FIG, 3. 


illustration shows the way in which Meldrum 
accomplished his solution of the difficulty. 
It represents a section through the front part 
of an ordinary Lancashire boiler such as is 
used in any of our factories. Instead of 
having the grate open to free air below the 
fire bars, however, a long nozzle, something 
like a blunderbus, projects inwards. At the 
narrow end of the tube, at its centre, a fine 
jet of steam shoots along the bore. All 
round this jet is an opening to the air outside 
the boiler, and the rush of steam along the 
tube creates a sucking action on the air, 
causing the air and steam to fly forward and 
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upward through the grate together. The 
steam is decomposed by the heat of the fire 
into its constituent elements, oxygen and 
hydrogen, which burn ; and the air carried 
along with the steam forms a huge blast 
which whips up the fire into strong energy. 
By means of such a blast the steaming powers 
of boilers can be tremendously augmented, 
and inferior fuels can be burnt at a very 
slight extra cost of energy in the form of 
steam diverted to the nozzles. Гог example, 
in the third illustration is a view of one of 
London's refuse destructor works, where one 
of these blowers is at work burning up the 
city refuse, and converting this waste product 
into useful steam for producing electricity. 
There are nowadays no less than thirteen 
thousand of these steam jet furnaces fitted in 
various parts of the world for the burning of 
all grades of fuels. 

The Korting apparatus is another example 
of the application of this principle. Іп this 
case the blower is placed outside the boiler, 
and communicates with it by ducts of iron or 
brick work. — But the idea is very much the 
same. At the centre of the back end of the 
blower there is a thin stream or needle of 
steam. Immediately surrounding this is a 
series of hollow cones with the points taken 
off, and the steam rushes through the holes 
thus made. Air is dragged in at the bases of 
the cones, and the whole volume of air and 
steam rushes through a trumpet to the duct. 
In the East and West Indies these blowers 
may be seen on boilers which are burning up 
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the wet green sugarstalks or megass which 
are left after the sweet sap which ultimately 
becomes sugar has been crushed out of them. 

Perhaps one of the most interesting 
examples of this device is in its application 
to improve bad chimney draughts. The 
width and height of a chimney may not be 
sufficient for the number and size of the 
boilers installed ; dust and soot may 
accumulate and choke the passing away of 
the products of combustion; the tempera- 
ture of the gases in the chimney may be too 
low, and they may move sluggishly; a hot 
sumnier's day or the wind at the top of the 
chimney may hinder the escape of smoke. 
Whatever may be the cause a chimney 
ventilator on Korting's principle overcomes 
bad draught and gives a quick fire and 
perfect combustion. ‘They will be found 
fitted to marine boilers in the tropics, which 
have always a low chimney and bad draught, 
to the chimneys of chemical works which 
have to remove noxious gases; and in some 
temporary furnaces the chimney or funnel 
is entirely done away with and the steam 
jets relied upon to obtain the necessary | 
suction of air through the fires. 

It will be seen, therefore, that the 
apparent anomaly of using water to fan a 
fire has been well overcome in these days 
of advanced science, and another example 
added to that long list of devices which 
man’s ingenuity has designed to overcome 
the disadvantages of natural operations. 

Уісток WHITE. 


RELAY GOVERNOR FOR PELTON WHEELS. 
oD 


wheel, fitted with a Pitman patent 

hydraulic relay governor. The 
wheel operates under a head of 12oft., and 
with both nozzles in service generates 
8ob.h.p. The pipe line is 50 chains long, 
its diameter being 221п., and the velocity of 
flow through it about 3ft. per second. As 
will be seen (Fig. 1), the speed of the wheel 
is governed by moving deflectors into the 
path of the jets from the nozzles, thus 
diverting more or less of the total discharge 


T" illustrations given are of a Pelton 


direct into the tail-race. Both deflectors are 
operated simultaneously, being coupled to 
the cross-head of an hydraulic relay as 
shown. The coupling rod between the 
two jets is provided with a screw union 
having right and left handed threads, thus 
enabling the two deflectors to be accurately 
adjusted to act in unison. A plan of these 
deflectors is shown separately to an enlarged 
scale in Fig. 2. Details of the hydraulic 
governor are shown separately in Fig. з. The 
hydraulic cylinder rests on planed seatings, 
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cast 


slide, over which the 
cross-head travels. The 
coupling rods between 
the latter and the de- 
flectors are, it should 
be noted, always in 
tension, so that the 
-head is always 
pressed downwards 


Cross 


when 


in the path of the jet. 
The hydraulic cylin- 
der derives its supply 
of pressure water direct 


from 


through the  valve- 
chest shown in posi- 
tion at F, Fig. 3, and 
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larity in the motion of the relay piston. The 
exhaust port is at B, and from D and C 
pipes lead, as shown, to opposite ends of the 
relay-cylinder. The admission of the 
pressure water to this clinder is controlled by 


a small piston valve of phosphor-bronze, 
marked E in the drawing. 


is itself of delta metal. 
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The position of the valve relatively to the 
governor-balls is adjustable by means of a 
screwed link and the lock-nut shown at I. 
The governor is operated by a belt drive and 
bevel gearing as indicated. 

At normal speed water is shut off from 
both ends of the relay cylinder, but a 
change of speed in one direction or the 
other is followed by admitting water to the 
corresponding end of the relay cylinder, and 
thus moving the deflector in or out of the 
path of the jet. Under reasonable conditions 
of work the governor will maintain the speed 
constant within a limiting variation of three 
per cent., and the mean speed can be 
adjusted by hand through a considerable 
limit by lengthening or shortening the link 
H. For very close speed regulation, as in 
driving alternators, &c., with heavy load 
charges, a compensating or “‘overtailing " 
device is fitted, either mechanical or electri- 
cal. This governor is suitable for operating 
needle nozzles, rectangular nozzles, and the 
gates of turbines, &c. 
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Central .$tation Publicity. 


THE current number of the Quarterly 
Bulletin issued by the West Ham Corpo- 
ration Electricity Department maintains 
its high standard of effective advertise- 
ment and is worthy to rank amongst the 
best of its kind produced in this country. 
A forcible paragraph is as follows :— 

The figures below indicate more than 
а mere preference for electricity to gas for 
lighting purposes on the part of the various 
tradesmen whose premises are located in the 
districts given below ; they represent an over- 
whelming conviction in the minds of City 
shopkeepers as to which form of lighting is 
best suited for their requirements. 


Using the Using 
Electric Light. Gas. 
Cheapside (right-hand side 
going westward). ... ... 66 ... 5 
Cheapside (left-hand side 


going westward). ... ... 62 .. 9 
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Using the Using 
Electric Light. Gas. 
St. Paul's Churchyard (right- 
hand side going westward) 21 5 


Ludgate Hill (right-hand side 

going westward) ... ... 29 ... 2 
Ludgate Hill (left-hand sid 

going westward) .. .. 22 ... 6 


Many of the electrically lighted premises 
mentioned in the above list consist of a 
number of shops occupied by the same firm : 
the said premises, however, have only been 
reckoned as singleunits. On theother hand, 
in practically every case where gas is being 
used the figures given represent the actual 
number of shops in question. 


<> 


Milling Machine. 

THE following page illustrates a machine 
recently introduced by H. W. Ward & Co., 
Ltd., for all kinds of general milling, and to 
meet the demand of those who require a 
high-class plain miller of rigid design. As 
will be seen, the headstock and bed are cast 
in one piece, with a substantial slide down 
the front, on which is fitted the knee 
bracket. Тһе spindle is of steel, hardened 
and ground, and runs in conical gun-metal 
bearings. It has suitable and efficient 
arrangements for thrust and wear, and is 
driven by a three-speed cone pulley carrying 
a wide belt and two sets of double gearing. 
This, together with the two speeds on the 
countershaft, gives eighteen changes of speed 
to the spindle. For the convenience or fasten- 
ing and removing the mandrils there is a 
hole right through the spindle, and a bar is 
supplied for forcing out the mandrils. The 
steady bar is of steel, and is securely held by 
two bolts and split grips. It can be readily 
adjusted as to position, and carries on its 
outer end a steady bracket for supporting 
the end of the mandril. The bush for this 
purpose has a parallel hole, in which runs the 
end of the mandril ; this method allows the 
mandril to expand under heat from cutting 
without bending. 
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The bush is split and tapered on the outside 
so that it may be adjusted to take up wear. 
An effective steady brace is supplied to tie 
the cylindrical steady bar rigidly to the knee 
bracket and foot of the machine, thus reduc- 
ing vibration to a minimum. The knee 
bracket slides on a vertical vee on which it 
has a long bearing surface. It may be 
lowered or raised by screw and bevel wheels, 
andis provided withanarrangement for locking 
securely in any position. The weight of the 


bracket and slides is taken on a ball-race, 
thus securing a very free vertical adjustment. 
The middle slide has a good bearing surface 
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on the knee bracket, and a hand movement 
of 8)in. by handle and screw. The table is 
4ft. long by 12in. wide over ail, and has ап 
oil or suds dish cast around it, and three tee 
slots planed in its surface for the convenience 
of securing work, vices, or jigs. It has both 
automatic and hand feeds. The automatic 
feed is reversible by the lever on the small 
box on the knee bracket, which operates a 
‘clutch between a set of reversing bevels. 
The feeds may be driven either from the 
spindle or from the countershaft. ‘There 
are sixteen changes in all, ranging from .55 
to 7.3 per minute. 
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